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NOTICE TO AUTHORS OF PAPERS 


Manuscripts.—All manuscripts submitted to the 
Editor or presented to the Sections of the Assocra- 
rion should be ready for publication, typewritten 
with double spacing on one side of good quality 
paper 8.5” x 11” in size and with 1” to 1.5” margins. 
In addition to the original typewritten copy one or 
more carbon copies should be submitted in order 
to facilitate examination by members of the Editorial 
Advisory Board or other referees. Each manuscript 
should be accompanied by an abstract of not more 
than 250 words including a summarization of con- 
clusions and recommendations. All pages in manu- 
scripts, including tables but not figures, should be 
numbered consecutively. Previously published and 
readily accessible procedures which have been 
followed in experimental work should not be made 
a part of the manuscript, but should only be referred 
to by appropriate literature references. 

Form of Presentation.—Titles of manuscripts 
should be kept as short as possible and preferably 
restricted to one line. The name of the laboratory 
in which the work described was done should be 
placed in a footnote at the end of the first page. 
Each manuscript should begin with one or more 
introductory paragraphs indicating the intention 
and meaning of the investigation and the method 


of procedure. The introduction should be followed 
by a report of the essential details of the experi- 
mental work, and a discussion or interpretation 
where necessary. Finally there should be a brief 
summary of conclusions and recommendations. 
Authors may find it helpful to arrange manusctipts 
to conform to the style of presentation as illustrated 
in papers on analogous subjects published in recent 
issues of Tours JOURNAL. 

In preparing manuscripts for publication in Tus 
JOURNAL center headings should be avoided so far 
as possible. Side headings followed by a period 
and dash should be indented and run into the part 
of the text to which they apply. Such side headings 
may be used as freely as desired. L iterature cita- 
tions should be numbered consecutively in order of 
appearance in the manuscript and should be indi 
cated by full-sized Arabic numerals enclosed in 
parentheses. If a literature reference is cited more 
than once in a manuscript subsequent citations 
should be indicated by the first number assigned 
References to footnotes throughout the text should 
be numbered consecutively by superscript Arabic 
numerals, but such references in each table should 
be designated by superscript lower case letters 
beginning with “a’’ and continuing in natural order. 
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Literature citations should be grouped at the end of 
the manuscript under the heading “References.” 
The citations should be numbered consecutively 
with full sized Arabic numerals enclosed in paren- 
theses corresponding to the numbers used in the 
text. The names of all periodicals cited in the list 
of references must be abbreviated in accordance 
with abbreviations given by Chemical Abstracts in 
its “List of Periodicals Abstracted."” The sequence 
followed in the citations must be as follows: 


(1) Doe, J. B., Am. J. Physiol., 79, 289(1927 


References to books should be in the order given, 
(1) author’s surname and initials, (2) title of the 
book, (3) edition, (4) name of publisher, (5) place 
of publication, (6) year of publication, (7) volume, 
and (8) page number. A complete book reference 
may be illustrated as follows: 


(1) Gilman, H., “Organic Chemistry,” 2nd ed., 
John Wiley and Sons, New York, 1943, Vol. 2, pp. 
1236, 1252 

Arabic numerals must be used to designate all 
definite weights, measurements, percentages and 
degrees of temperature unless occurring at the 
beginning of a sentence, in which case the numeral 
and measurement are spelled out. Periods of time 
should be written in words. Unusual characters 
and Greek letters should be written plainly and 
legibly or should be explainea by notes on the 
margin of the page. Fractions should be written 
with a slant line. Standard abbreviations should 
be used whenever weights and measures are stated 
in the metric system, e.g., 10 Gm., 2.5 cc., etc. 
The forms to be used are: cc., Kg.,Gm., mg., mm. 
em., and L. 

Figures. —All drawings should be made in India 
ink, preferably on white tracing paper or cloth. 
Original drawings are preferable, but clear, well- 
prepared glossy photographic prints are acceptable. 
The size of illustrations should not exceed the 8.5” x 
11” manuscript size. They should be designed for 
reduction to the width of one column (2.75") or 
full page width (5.5"). Thus, height rather than 
width should be accentuated where possible. 

Numbers and measurements, etc., which are to 
appear on the axes of the drawing should be indi- 
cated in pencil outside the axes, in order that they 
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may be set in type. Captions and legends should 
be placed below the diagram (not on it), or, if 
lengthy, collected on a separate typewritten list, 
identifying each by its proper figure number and 
including whatever acknowledgments are necessary. 

Photographs should never be rolled, and paper 
clips should not be used unless guarded by a piece of 
paper folded several times to prevent an indenta- 
tion in the photograph. All drawings and photo- 
graphs should be protected from bending and from 
the chance of having their edges torn while in tran- 
sit. Do not write on the back of a photograph. 
Any indentation in the photograph, however 
slight, will be likely to show as a blemish in the 
reproduction. All figures submitted must be referred 
to in the text of the manuscript, and should be 
numbered consecutively with Arabic numerals, 
e.g., Fig. 1, Fig. 2,etc. Kymograph tracings should 
not be submitted with the original experimental 
legends which are likely to have been hastily or 
carelessly inscribed. Authors may find it worth 
while to employ a professional draftsman to make 
the drawings in proper form for reproduction. 

Tables.—Tables should be carefully constructed 
so that the data presented may be understood 
easily. The indiscriminate use of tables should be 
avoided. Tables should be constructed so as to 
occupy fully a single column (2.75") which will 
take about 40-50 characters and spaces. Tables 
which require two columns are also acceptable. 
Interpretive statements should not be written on 
the body of a table but should be explained in 
footnotes. Column heads should be made as small 
as possible and standard abbreviations should be 
used liberally. Data which may easily be deduced 
by simple arithmetic from data in another column 
should not be included. All tables should be referred 
to in the text of the manuscript and the author 
should indicate as nearly as possible the positions 
in which the tables should be set. It is not neces- 
sary to place tables on separate sheets, and in fact 
it is preferable to intersperse them in the manu- 
script. Tables should be numbered consecutively 
using Roman numerals. The table number and the 
title should be placed in a continuous heading above 
the data presented. The preparation of a clear and 
concise table of data requires much planning and 
infinite care. 
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Proof of Safety: Some Interpretations* 


By A. J. LEHMAN 


Interpretations are presented, accordin 
and procedures required by the Food ont 


to the objectives sought, of the techniques 
Drug Administration to establish the safety 


of a chemical in the form of a food additive, a drug, or an ingredient of a cosmetic. 


Special emphasis is placed on proof of safety of chemicals used in foods 


because, in 


general, these require a more thorough toxicological appraisal than those used in 
cosmetics or as drugs. 


A* EXPERIMENTAL procedure for establish- 

ing proof of safety of chemicals to which 
man may be exposed has been presented (1). 
The highlights of the detailed program may be 
summarized as follows: 


I. Chemistry 
1. Solubility 
2. Chemical Characterization 
3. Quantitative Micro Determina- 
tion 
Acute Toxicity 
1. Oral LDsoin Several Species 
2. Pharmacodynamics 
Allergic Responses 
Subacute and Chronic Toxicity 
Biochemistry 
Pathology 


Since the publication of the detailed pro- 
gram, some problems have arisen regarding the 
interpretations which may be placed upon cer 
tain phases of the procedures. The terms 
listed above may be interpreted in different 
ways depending somewhat on the objective 


* Received May 11, 1951, from the Division of Pharma™ 
cology, Food and Drug Administration, Federal Security 
Agency, Washington, D. C. 


sought by the investigator. However, when 
proof of safety must be established for a large 
segment of the population, the interpretations 
which will be presented here may be somewhat 
different from the generally accepted idea con- 
veyed by the terms, especially to those not 
familiar with toxicity tests, or to those thinking 
of conditions of about thirty years ago. 

Man may be exposed to chemicals in the 
form of a food additive, a drug, or as an in- 
gredient of cosmetics. Substances which be 
come a constituent of the daily food require a 
a more thorough toxicological appraisal than 
those which fall into the other two categories, 
hence in the discussion to follow, emphasis 
will be placed on proof of safety of chemicals 
which may be directly or indirectly incor- 
porated into the daily food supply. 


I. CHEMISTRY 


Solubility.—The particular interest is in the 
solubility of the chemical in materials with 
which it may come into contact under actual 
conditions of use. In the case of a plasticizer 
in a film proposed as a wrap for fatty foods, it 
is more important to know its extractability in 
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lard at 30° C. during a thirty-day contact than 
the solubility of the pure plasticizer in an im- 
posing list of chemical solvents under standard 
conditions. Further, the scope of the solu- 
bility studies depends upon the manner of use 
of the chemical. If the film will come into 
contact with many types of food, then the 
solvent effect of such food-type materials as 
pickle brine, sugar solutions, meat juice, weak 
sodium bicarbonate solutions, vinegar, milk, 
and lactic acid solutions should be known. 
Solubility may also have a bearing on the com- 
prehensiveness of the pharmacological in- 
vestigations which may be necessary to 
establish proof of safety. For example, a 
chemical having a solubility of the order of one 
part per million in the various solvents would 
ordinarily present less of a pharmacological 
problem than if the solubility were of the 
order of 10 or more parts per million. 


Chemical Characterization.—In addition to 
the type of information usually developed for a 
chemical, i. e., its empirical and structural 
formula, stability, and reactivity to various 
reagents, etc., it is necessary to know its sta- 
bility or possible reaction with foodstuffs, 
drugs, and cosmetics. A chemical may show 
certain characteristics with common labora- 
tory reagents, but could behave differently 
when added to a lard which is used for deep fat 
frying. Again, boric acid and methenamine 
are relatively inert materials when placed on 
the skin separately, but in combination have 
been known to produce dermal injury by the 
liberation of formaldehyde. The production 
of an off-flavor in fruits and vegetables treated 
with certain insecticides is still another ex- 
ample of the necessity for exploring chemical 
reactivity beyond the more or less standard 
procedures for developing such information. 


Quantitative Micro Detection.—Here em- 
phasis is placed on the detection of a chemical 
in the presence of interfering substances 
which may be found in drugs, cosmetics, and 
especially foods. In dealing with this prob- 
lem, a micro method is one which should detect 
one part per million or less in the presence of 
milk, acetylsalicylic acid, wine, or any other 
substance offered for human consumption to 
which the chemical tested may be added. 
Furthermore, the method must be specific. A 
system of analysis based on organic chloride 
determinations for the detection of tissue dis- 
tribution is of little or no value in tracing the 
fate of the chlorinated insecticides. 
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Il, ACUTE TOXICITY 


Oral LD,«’s.—The first item under acute 
toxicity calls for oral LDy’s in several species 
of animals and should include rodents and non- 
rodents. Considerable emphasis is placed on 
the use of several species, because if a wide 
species difference is evident an almost immedi- 
ate unfavorable atmosphere begins to surround 
the future usefulness of the chemical under 
test. Man is heterogeneous, and from past 
experience animals quite faithfully predict 
what may be expected in humans. Further- 
more, an adverse response in one individual in 
a hundred is, to our way of thinking, a 100 per 
cent response in this individual rather than a 
1.0 per cent response in a hundred individuals 

In interpreting the results of acute toxicity 
tests we have generally maintained that if a 
substance shows an oral LDs of less than 1 
Gm./Kg. of body weight in any species of 
animals, it should at least tentatively be 
classed as a poisonous or deleterious substance, 
and as such excluded by law from all foods ex- 
cept where its use is required or cannot be 
avoided. This value does not apply to drugs 
where therapeutic efficacy is balanced against 
toxicity. 

Pharmacodynamics.—It is almost axio- 
matic that if a chemical has significant pharma- 
codynamic effects, its use as a food additive or 
as a cosmetic ingredient would be severely 
limited. Obviously, in the case of drugs, 
pharmacodynamic action is indispensable. 


III. ALLERGIC RESPONSES 


Where sensitization tests on guinea pigs turn 
out negative it is frequently desirable to verify 
the results on human beings. Here again re- 
peated exposures are a crucial feature of the 
test. Patches containing the test material are 
applied to the skin every other day, or three 
times weekly until a total of 10 applications 
have been made. Two weeks after the tenth 
patch a “challenge” patch is applied and the 
response to it shows whether or not the subject 
has become sensitive. In tests of this type at 
least 200 subjects should be used. Absence of 
reaction in this number does not, of course, in- 
sure against annoying or even dangerous aller- 
gic incidents. 


IV. SUBACUTE AND CHRONIC TOXICITY 


This aspect of the program has not been sub- 


ject to any serious misinterpretations. Occa- 
sionally the usefulness of a ninety-day sub- 





July, 1951 


acute experiment on dogs and rats has been 
questioned. Chronic toxicity studies are the 
most time-consuming as well as the most costly 
of the entire program, and it is only reasonable 
to run a pilot experiment first as a guide for 
establishing the dosage levels to be fed in the 
long-term experiments. Furthermore, dosage 
levels in a pilot experiment can be pushed up- 
ward to the limit of tolerance. This is for the 
purpose of determining the nature of the toxic 
effect, if any, and demonstrating what tissues 
or organs bear the brunt of the toxic insults. 
It is possible that animals on the higher levels 
may succumb before the end of the ninety-day 
period. This actually may be one of the 
objectives of the experiment and gives much 
valuable information on the nature of the 
injury which caused death. On the other 
hand, the loss of animals on the higher levels 
in a life time study on rats is serious because 
one of the objectives of a long-term feeding 
experiment is to expose animals from the 
weanling stage through senility to as high a 
level of the chemical as can be tolerated and 
still have survivors at the end of the two-year 
observation period. Thus, if all animals on 
certain high levels succumb by the end of the 
first year of feeding, it may be necessary to 
place additional animals on new dosage levels 
with the consequent loss of one year’s time to 
complete the program. 


Sometimes the results of the ninety-day 
feeding test may in themselves be sufficient to 
classify the compound as a poisonous or dele- 


terious substance. When this happens it is 
well to pause and carefully reconsider the 
question of necessity for use before proceeding 
to the chronic toxicity tests. It can be very 
annoying to discover that one has accumulated 
all the scientific data needed for setting a toler- 
ance, but on a compound whose use is not re- 
quired or can be avoided by good manufactur- 
ing practice. 


It may be of interest to mention a criticism 
which is occasionally leveled against the 
necessity of lifetime studies. To illustrate, 
suppose the potential use of a chemical (I) may 
be so promising that production could reach 
100 million pounds a year. The economics of 
this item are such that the cost of the research 
to appraise toxicity is easily justified. At the 
same time another chemical (II) manufactured 
by the company may reach a production of 
only 100,000 pounds a year. This chemical, 
although used in lesser amounts but more 
toxic, may have a distribution as wide as that 
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of I. The question is asked: Why should it 
be necessary to spend a like amount of money 
in appraising the toxicity of chemical II as for 
chemical I when dollar sales value of II may be 
only one-thousandth that of I. A little sober 
reflection will reveal that from the health haz- 
ard standpoint the impact upon the consumer 
would be about equal for the two chemicals; 
hence pharmacoiogical studies must be as com- 
prehensive for II as for I. 

The question most often asked is: Why the 
necessity for carrying on experiments beyond 
one year? Will not all aspects of chronic 
toxicity be demonstrated within twelve 
months? The answer is an emphatic NO. 
Experiments in these laboratories have demon- 
strated many serious effects in the last quarter 
or third of a twenty-four-month feeding ex- 
periment which would not have been observed 
if the experiments had been terminated earlier. 
Examples follow. 

(a) Bladder stones and enlargement of testes 
in rats fed certain of the glycols. 

(6) Ear tumors in rats chronically poisoned 
with ergot. 

(c) Vitamin E deficiency in rats fed rancid 
lard. 

(d) Liver tumors in rats in chronic selenium 
poisoning. 

(e) Thyroid malfunction in rats fed ‘‘P- 
4000” sweetening agent. 

(f) Enlargement of the spleen and liver 
tumors in rats fed dulcin, an artificial sweeten- 
ing agent. 

(g) Liver tumors in rats fed thiourea. 

Further justification of long-term studies is 
supported by the fact that the human popula- 
tion has people of all ages. There is substan- 
tial evidence that the human body is more 
easily injured at some ages than at others. In 
a lifetime experiment a chemical is given to 
animals through all age periods. Such a pro- 
cedure may produce more toxic effects at one 
age than at another. This fact has been ob 
served many times. A lifetime experiment is a 
compromise, for it is obvious that it would be a 
better procedure to start additional groups of 
animals on the experimental regimen at differ- 
ent ages. 


Vv. BIOCHEMISTRY 


Biochemical Studies.—In biochemical stud- 
ies emphasis is placed on absorption, fate, dis- 
tribution, and excretion. Considerable sus- 
picion is cast upon any chemical which has a 
tendency to accumulate in the tissues. It is 
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recognized that cumulation may be a desirable 
property and actually may be an advantage in 
the therapeutic efficiency of certain drugs 
However, for the most part tissue build-up of a 
toxicant is undesirable. An excellent example 
of how cumulation has served to make a fine 
discrimination of toxicity between compounds 
is the tissue accumulation of mercury when 
administered as a mercuri-phenyl and as a 
mercuric salt. Phenylmercuric acetate causes 
from 10 to 20 times as much mercury storage in 
the liver and kidney tissue as mercuric acetate. 
rhe phenyl compound is also chronically more 
than the acetate. 
dence has serious ramifications into the food 


toxic mercuric This evi- 
field where phenylmercuric acetate is the basis 
of certain fungicidal sprays for growing crops, 
and may have serious implications in thera- 
peutics wherever phenylmercuric acetate is 
used 

In addition to the four points listed, two 
other biochemical aspects which appear to be 
playing a more prominent role in establishing 
proof of safety are the effect of chemicals on 
enzymes and the influence of the chemical on 
the metabolism of normal constituents of food 


VI. PATHOLOGY 


The sixth and last major phase of the pro- 


gram has been thoroughly discussed (1) 
\bout all that needs emphasis here is that 
pathological study should be done with good 
control material, and against a background of 


experience 
FUTURE TRENDS 


A few modifications which are beginning to 


develop for future programs of proof of safety 
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may be mentioned. Lifetime studies may 
have to be extended to include other species 
such as the dog. Five-year feeding studies on 
dogs are often necessary whenever fine dis- 
criminations in toxicity must be made. More 
attention is being given to the influence of 
chemicals on some of the fundamental physio- 
logical processes of the body. It is possible 
that as more evidence on the effects of chemi- 
cals on available, some 
simple screening device may be developed 
which will aid in reaching a decision on the 


enzymes becomes 


future possibilities of a promising chemical 
Perhaps the use of some relatively simple bio- 
logical material such as the algae may be useful 
for the purpose. 
employing algae are now in progress in an 
attempt to elucidate the mechanism of the 
poisoning effect of certain insecticides with 
the 


specific antidotes. 


same Some experiments 


very practical objective of developing 

Perhaps it is appropriate to mention also a 
phase of pharmacodynamics which undoubt- 
edly must receive more attention than it has in 
the past 
This connective tissue 
which functions in a passive manner as a fat 


rhis has reference to adipose tissue. 
tissue is not merely 
depot, but rather it is a structure possessing 
functions which have been likened to those of a 
ductless gland. Of particular interest is the 
Thus 
chemicals which have a tendency to accumu- 
late in fat may have a far-reaching effect on 
cell permeability and hence on all vital proc 


high lipid content of cell membranes. 


esses. 
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Modified Glassware and 


Techniques Designed 


Increase the Precision of the U. S. P. XIV 
Vitamin A Assay” 


By JAMES A. BROWN} 


The paper describes the construction of a glass separatory vessel which can be used 
also as a boiling flask. The use of this vessel in place of the conventional refluxing 
flask reduces the time required to perform the assay and markedly increases the 


possibility of good precision. 
able. 


Data are given as examples of the precision attain- 
It also presents data to support the idea that a surprising increase in precision 


can result from attention to the elimination of small errors in the determination of 
the absorbancies of the vitamin A solutions, as opposed to the notion that small 
errors and the resulting lack of precision are inevitable. 


HE SAPONIFICATION and extraction tech- 
niques involved in the performance of the 
U. S. P. assay for vitamin A (1) are time-con- 
suming and often lead to loss of material and con- 
The difficulties en- 
countered in this part of the procedure are among 
the major obstacles to the successful performance 
of the assay by many analysts. Other causes of 
poor precision with this procedure include the er 
rors in determining the absorbancy which, while 
apparently small, exert a large influence on the 
final result. 
This paper has two purposes: first, to describe 


sequent lack of precision. 


modified glassware and techniques which have re 
duced the time required to perform the assay and 
increased markedly the precision obtained in our 
laboratory; and secondly, to bring forth the idea 
that a surprising increase in precision can result 
from attention to the elimination of small errors 
in determining the absorbancies of the vitamin A 
solutions, as opposed to the notion that small 
errors and the resulting lack of precision are in 
evitable. 


APPARATUS 


Figure 1 shows a flask that has been constructed 
to serve as a refluxing flask, separator, and evapora 
tion flask. By using this modified glassware in 
place of the conventional glassware, the major por 
tion of the vitamin A can be kept in a single con- 
tainer from the time the sample is weighed directly 
into it until the washed ether extract is ready to be 
transferred to a volumetric flask. The modified 
flask is made by fusing a size 2 or 3 Pyrex stopcock 
onto a 300-cc. Erlenmeyer flask with a 24/40 stand 
ard taper neck. (The 300-cc. size made of nonactinic 
glass can be obtained from the Corning 
Works.) The point of fusion is any place on the 


Glass 


* Received January 24, 1951, from Eli Lilly 
Analytical Laboratories, Indianapolis, Ind 

t Acknowledgment is made to Mr. Max M. Marsh, Eli 
Lilly and Co. Analytical Department, for suggesting the type 
of rack for holding the flasks. 
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largest circumference of the flask. The distance 
from the flask to the stopcock is about 1'/; in. 
The fusion is made so that the stopcock tube is 
parallel to the base of the flask, and then it is bent, 
midway between the stopcock and the flask, to 
about a 30° angle. This construction allows the 
contents to be removed through the stopcock with- 
out tipping the flask so far that the contents are 
liable to spill out at the top. 

The problem of a suitable rack to hold the uncon- 
ventionally shaped flask was solved very simply by 
making a sheet metal platform (preferably stainless 
steel), to which were welded two */,-in. rods so that 
the whole can be supported on two ring stands or 
other conventional laboratory supports. Figure 2 
shows a side view of the rack with flask in place, 
and Fig. 3 a front view. The rods were bent so 
that the platform is tipped to support the flasks at 
an angle of about 30° forward of the vertical. This 


309 
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angle allows the phases to separate cleanly without 
any trapping of the lighter phase. The front of the 
sheet metal is turned up 1 in. back from the edge 
after cutting to allow for notches about */, in. wide 
for the stopcock to project through. The pieces of 
metal not turned up are left on, to serve as supports, 
to prevent the flask from tipping over forward 
There are other ways, of course, of providing sup- 
port for the flasks. Best results are obtained if 
they are supported at an angle which allows clean 
separation of the phases 


PROCEDURE 


The sample to be analyzed is weighed directly 
into the flask. The specified amounts of alcohol 
and KOH solution are added, keeping the flask 
tilted backward so that the solutions and sample do 
not run down into the stopcock tube. The flask is 
then attached to the reflux condenser, still keeping it 
tilted backward. An electric heating mantle (250-cc. 
size) or an electric Kjeldahl-type heater is used as a 


heat source (see Fig. 4 I'wo Kjeldahl-type heat- 


ers connected in series furnish sufficient heat to boil 
the contents of the flask. After saponification, no 
harm is done if the solutions run down the stopcock 
After cooling, the water and ether are added 
ind the contents mixed by swirling. It is not neces- 
sary to insert a stopper, as sufficient mixing is ac- 
complished by merely swirling the contents. After 
separation, the lower layer is drawn off into a con- 
ventional separator where the second extraction is 
made and allowed to separate. The lower layer is 
transferred to a second separator, and the ether 
layer added to the first extraction in the original 
flask. The third and fourth extractions are made, 
the fourth in the same separator as the second. 
After each successive ether extraction is added to 
the original in the original flask, the small additional 
umount of water phase which separates due to this 
uddition is added to the bulk of the water phase 
being extracted in order to be sure all possible vita- 
min A is being removed from the water phase. The 
original flask containing all four ether extractions 


tube 
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is mixed by swirling and the first water wash gently 
added while swirling. The inherent danger of an 
emulsion at this stage is somewhat minimized by the 
fact that since no stopper is used in the flask, there 
is less tendency to shake it too violently. With this 
type of flask and the swirling action during the 
mixings, four washes usually suffice to remove all of 
the alkali. After draining the last water wash com- 
pletely, the flask can be placed on a hot plate, water 
bath, or heating mantle to evaporate part of the 
ether if desired. Ifa flat plate-type of heater is used, 
the stopcock is allowed to project over the edge of 
the plate. In this laboratory, however, superior 
results have been obtained when the evaporation is 
omitted and a 200-cc. volumetric flask is used in- 
stead of a 100-cc. flask for the ether dilution. This 
prevents possible oxidative losses during the evapo 
ration and the weaker ether solution can be compen- 
sated for by proper choice of pipette and flask for 
the final dilution with isopropyl alcohol 

The drying of the ether extracts is accomplished 
without transferring to another vessel by filtering 
into the volumetric flask through a 30-cc. fritted 
glass funnel (coarse porosity) which contains a half 
inch layer of granular Na;SO,. The Na,SO, layer 
is prewashed with ether. It is finally washed free 
of vitamin A with ether, four to five washings usually 
sufficing to wash it clean. No trouble has been ex- 
perienced either with failure of the Na,SO, to remove 
the water or with the final ether washings failing to 
remove all of the vitamin A from the sulfate 

The procedure from this point follows the U.S. P. 
procedure and depends on the starting material, 
weight of sample, etc. Superior results have been 
obtained in this laboratory by choosing the sample 
weight, when possible, so that only one pipetting 
of the ether extracts is required. The pipetting is 
done directly into the selected volumetric flask, 
and the ether evaporated by inserting a tube and 
blowing nitrogen through it gently while it is ro- 
tated in a 40° water bath. In nearly all cases the 
sample size and dilutions can be selected so that not 
over 20 cc. of ether need to be evaporated in a 50-cc 
or 100-cc. flask, and usually the amount to be 
evaporated is less than this. The last few cubic 
centimeters can be evaporated without heat as the 
U.S. P. specifies. 


NOTES ON DETERMINATION OF 
ABSORBANCIES 


The following are points which we have found 
need special emphasis over and above the general 


recommendation to use careful analytical techni- 
ques. 

1. A Beckman Spectrophotometer 
been specially standardized for the vitamin A de- 
termination should be used. Rawlings and Wait 
(2) have pointed out many of the errors involved in 
the spectrophotometric determination of vitamin A 
Their recommendations for obtaining instrument 
stability and general precision should be followed 
The importance of using a stable instrument capable 
of exact reproducibility cannot be overemphasized 
An important additional point pertinent to the 
U. S. P. XIV vitamin A assay in particular is that 
the wave-length scale of the spectrophotometer 
should be calibrated to correspond exactly to the 


which has 
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TaBLe I.—Errect oF SMALL ERRORS IN THE ABSORBANCY READINGS ON THE FINAL RESULTS 











Ane 
Aw 
Am 


A corr. 


Eee. 
% Error 


When absorbancies are halved: 


Ane 


33 
Am 
A corr 
Cc 


orr. 
% Error 


Correct 

Figure 
0.614 
0.722 
0.644 
0.6248 
0.001014 
616.2 


0.307 
0.361 
0.322 
0.3124 
0.00507 
616.2 


0.001 Error 
at 310 ms 
0.613 
0.722 
0.644 
0.6274 
0.001014 
618.7 
0.41 


0.306 
0.361 
0.322 
0.3150 | 
0.00507 
621.3 
0.83 


0.001 Error 
at Each 


0.001 Error 0.001 Error 
at 325 mp at 334 my 
0.614 0.614 
0.721 0.722 
0.644 0.643 
0.6178 0.6291 
0.001014 0.001014 
609.3 . 
1.12 


624.9 
1.41 





313.16 and 334.15 my lines of the mercury discharge 
tube. Only when each laboratory does this, in 
addition to striving for good precision, can there be 
good interlaboratory agreement. The spectropho- 
tometers as received from the manufacturer are not 
sufficiently accurate in this respect, because the in- 
struments are calibrated originally to be within the 
manufacturer’s tolerance over the entire range. 
When an instrument is calibrated particularly for 
vitamin A, the wave-length scale will usually be a 
little bit less accurate in the visible range. It is 
definitely not satisfactory to use an instrument 
which has been calibrated with respect to the 656.3 
my hydrogen tube lines. 

2. Analysis of the mathematical formula for cal- 
culating the results of the U. S. P. XIV vitamin A 
assay leads to the fairly obvious data given in 
Table I.!' It shows the effect of small errors at 
each wave length and also brings out the desirability 
of obtaining absorbancy readings in the higher posi- 
tions of the useful range of the absorbancy scale. 

3. Table I also gives emphasis to the point that 
the same error at all three wave lengths has no ef- 
fect on the answer. For this reason small tempera- 
ture differences have no effect on the answer, provid- 
ing the temperature does not change during the time 
the readings at the three wave lengths are being 
made. We have found, however, that since the 
temperature of the cell compartment of the Beck- 


‘In this and subsequent tables, C denotes the amount of 
vitamin-A-bearing material per 100 cc. of isopropyl alcohol, 
and is one-tenth the value of C as defined in the U. S. P. 


XIV procedure. E denotes E'% - Eoorr. X 1,900 equals U. 
S. P. potency. 


man Spectrophotometer is usually higher than the 
room temperature, the solutions in the cells usually 
expand over a short period of time after the carrier 
is inserted in the compartment. This causes a 
small but definite decrease in absorption. Table II 
is typical of data we have gathered and has led to 
the general practice of allowing a waiting period 
before readings are attempted on a given solution in 
a cell so that there is no temperature change while 
a series of readings are being made. 

4. Table III shows that there may be nonlin- 
earity in the absorption of the cells themselves when 
one is checked against another with the same ;~ = 
alcohol in each. Table IV shows the effect of failuie 
to apply proper corrections. This effect is noted par- 
ticularly with “‘Corex”’ cells (the use of which, for 


TaBLe III.—Ce.t DirrerReENcEs FOR A TYPICAL 
““MaTCHED” Parr oF CorEx ABSORPTION CELLS* 








Correction to 
Be Applied 


+0.013 


Wave Length, 
mp Absorbancy 


300 —0.013 


305 
310 
315 
320 
325 
330 
334 
340 
345 
350 


—0.008 
—0.006 
—0.004 
—0.003 
—0.002 
—0.001 
0.001 
—0.001 
—0.001 
—0.001 


+0.008 
+0.006 
+0.004 
+0.003 
+0.002 
+0.001 
+0.001 
+0.001 
+0.001 
+0.001 





* Absorbancy of one of the cells was determined against 
the other with the same pure isopropy! alcoho! in both. 


TABLE II.—Errect oF A CHANGE IN TEMPERATURE WHILE ABSORBANCY READINGS ARE BEING MapE* 














1 Min. 2 Min. 
Ane 0.616 0.614 
Ags 0.725 0.723 
Am 0.645 0.644 
A corr. 0.6361 0.6318 
Cc 0.001014 0.001014 
Eecerr. 627.3 623.1 
% Error 1.80 1,12 


Reading at 
3 Mia. 
0.614 
0.722 
0.644 
0.6248 
0.001014 
616.2 


4 Min. 
0.614 
0.722 
0.644 
0.6248 
0.001014 
616.2 





* Solutions were at room temperature when inserted in cell compartment. 


between the cell compartment and the room temperature. 


The effect varies directly with the difference 


: 2 1 The 325 my reading was taken first, then the 310 my, then the 
334 my, and then repeated in that order. The times given are the times at the start of each series of readings 
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TaBLe IV 


Actual Correct 
Absorbancies 


0.614 
0.722 
Am 0.644 

ous 0.6248 
. 0.001014 
FE. 616.2 


Ano 


rr 


Error 


Tasie \ 


Assay Resuvut 


Exs 
719 
717 


719 


Ewe 
610.6 
610 
611 
608 
607 .: 
609 .7 
609.9 
611.0 
611.5 
613.3 


Date of Assay 
First day 
First day 
First day 
First day 
Fourth day 
Fourth day 
Fourth day 
Fourth day 
Sixth day | 
Sixth day 


719 


the vitamin A determination, is contrary to the 
U.S. P. procedure), but may also be noted with un- 
matched or dirty quartz cells. This same effect 
has also been noted, and may become quite large 
if two different batches of isopropyl alcohol are 
checked against each other. In this latter case the 
ussay results would be affected if the analyst, under 
pressure of routine work, had alcohol from one lot 
in the blank cell and used alcohol from another lot 
to dilute a given sample. 

5. Table V gives data on a sample of synthetic 
vitamin A- palmitate which is typical of data ob 
tained in this laboratory 


CONCLUSIONS 


[he conclusions we have drawn from our stud 
ies of the precision of the assay (based on data 
from a wide variety of vitamin-A-bearing ma 
terials, including Inany pharmaceutical mixtures) 


are as follows © 


| That it is entirely possible, using the glass 
ware and techniques described in this paper, to 
perform the saponifieation and extraction with a 


precision of +1 per cent 


713.; 


717.: 


~ 
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EFFECT OF FAILURE Ti 


TS FOR A SAMPLE OF SYNTHETIC VITAMIN A PALMITATE 
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») APPLY THE CELL 


CORRECTION 


Apparent 
Absorbancies 
Before 
Corrections 
.608 

720 


643 


Absorbancies 
if Cells 
Reversed 
Q.620 
0.724 
0.645 
6309 0.6186 
oo1o014 0.001014 
622.2 610.1 
+0.97% —0.99% 
2 


— = ==————S=— 


S. P. Potency 
1,207 ,000 
1,205 ,000 
1,217,000 
1,184,000 
1,222,000 
1,206 ,000 
1,210,000 
1,211,000 
1,235,000 
1,230,000 


E corr U 
635.: 

634. 

640.7 

623 .: 

643 

634. 

636 .7 

637 .6 

650 


Eu 
639 
636 
637.8 
633 
§36 .2 
640 
638 
639.2 
638 
639.8 


2. That with a stable spectrophotometer it is 
entirely possible for a careful and experienced 
operator to duplicate absorbancy readjngs on a 
given cell containfmg a vitamin A solution to 
0.001 unit 

3. That it is entirely possible to obtain ab- 
sorbdncy readings at each wave length on repli- 
cate ether extractions of the same sample which 
are well within the precision of the saponifications 
and extraction steps. 

4. That if careful attention is paid to details, 
including the points mentioned in this paper, the _ 
combined errors of determining the absorbancies 
at the three wave lengths are not additive but, in 
general, tend to compensate for each other, and 
the corrected / values resulting can be obtained 
with a precision of at least +3 per cent and often 
better . 
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. A Study of Folic Acid Stability in Solutions 
of the B Complex Vitamins*t 


By ALFRED R. BIAMONTE and GEORGE H. SCHNELLER 


The stability of folic acid was studied at pH values between 3 and 7 in liquid media 
containing, individually and conjointly, the following members of the vitamin B 
complex: thiamine hydrochloride, riboflavin, nicotinamide, pyridoxine, and panto- 
thenyl alcohol. At the lower pH levels where water or sucrose syrup was used as 
vehicle, the folic acid was largely undissolved, whereas at the higher pH levels, 
the folic acid in the concentration used was completely dissolved. In a 
mixture of propylene glycol and water, the folic acid was completely dissolved 
throughout the egtire pH range. Data are presented on the amount of folic acid 
decomposition after storage at room temperature and also at 45°. In general, ribo- 
flavin and thiamine caused considerable decomposition of folic acid in solution. 
Specimens at the lower pH levels where the folic acid was for the most part undis- 
solved exhibited a stability which might be practical for pharmaceutical compounding 
purposes. Nicotinamide, pyridoxine, and pantothenyl alcohol did not materially 
affect the stability of folic acid in solution. Data are also presented on the solu- 
bility of folic acid in water as a function of pH and of temperature, and on the sta- 
bility of folic acid in aqueous media as a function of pH. The decomposition of 
folic acid in the presence of riboflavin and thiamine involves cleavage at the meth- 

ylene linkage, biecation an aromatic amine, presumably p-aminobenzoylglutamic 
acid. This is analogous to the reaction which takes place upon the acid reduction 

of folic acid as is used in the chemical determination of this substance. 


D="" the wide interest in folic acid and the 

variety of products in which it occurs as an 
ingredient, published information regarding the 
pharmacy of this vitamin is extremely meager. 
The following data of pharmaceutical interest 
have appeared in biochemical and organic chemi- 
cal reports, and merit collection in a publication 
of this scope. 

The solubility of the Lactobacillus casei factor 
in water was reported by Stokstad (1) as ap- 
proximately 1 mg./100 ml. at 2° (pH 3), and 
greater than 50 mg./100 ml. at 100°. He de- 
scribed the silver and lead salts as insoluble in 
water. Pfiffmer (2) reported a solubility for 
vitamin B, of 0.16 mg. (pH 3) at 25° and ap- 
proximately 100 mg./100 ml. of boiling water. 
He further reported it to be insoluble in the com- 
mon organic solvents, but relatively soluble in 
acetic acid, phenol, and pyridine. The zinc and 
silver salts were reported insoluble in water. 
Scheindlin (3) found that a pharmaceutical 
elixir, diluted to a concentration of 2.5 mg. of syn- 
thetic folic acid per 4 cc., precipitated after one 
week at pH 5.1, but remained clear at pH levels 
of 5.9 or higher. He further showed that stable 
solutions could be achieved in a concentration of 
2.5 mg. or more per 4 cc. in the range of pH 8 to 
9, even in the presence of as much as 50 per cent 


* Received January 25, 1951, from the Pharmaceutical Ap- 
plic ation Laboratory, American Cyanamid Co. Calco 
Chemical Division, Bound Brook, N 

+ Presented at the joint session of the Subsection on Phar 
macy, American Association for the Advancement of Science 
and the American PHarmacevuticat Association, Scien- 
tific Section, Cleveland, Ohio, December 29, 1950 


by volume of alcohol, glycerin, or propylene 
glycol. He reported the calcium and strontium 
salts to be insoluble and a clear, stable solution 
to be obtained with ferric ammonium citrate. 
Ferrous folate was also reported under certain 
conditions to be soluble (3) and stable (4). A 
5 per cent solution of folic acid in sodium bicar- 
bonate solution has been described (5). 

The pH of the medium, and also the tem- 
perature, affect the chemical stability of folic 
acid. Daniel and Kline (6) found that auto- 
claving an aqueous solution of folic acid at 121° 
for thirty minutes effected the complete destruc- 
tion of the compound at pH 1; at pH 3 there 
was 40 to 45 per cent decomposition; in the pH 
range 4 to 12, the amount of decomposition var- 
ied between 10 and 30 per cent. When liver ex- 
tract preparations containing folic acid were 
treated in similar fashion, the results were much 
the same. On the other hand, Dick and co- 
workers (7) reported that negligible decomposi- 
tion occurred on autoclaving folic acid solutions 
for fifteen minutes at 121° at pH 5 to 10; they 
also heated such solutions for one hour at 100° 
with similar results. Dick’s study established 
that the thermal decomposition of folic acid in 
aqueous solution involves a unimolecular reac- 
tion, and that the decomposition velocity co- 
efficient is directly proportional to the hydrogen- 
ion concentration. 

Koft and Sevag (8) reported that aqueous solu- 
tions of folic acid on incubating at 30° during 
seven days underwent decomposition to the ex- 
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tent of 3.9 per cent at pH 7.3 and 26 per cent at 
pH 9.2; at pH 4.5 the folic acid was incompletely 
dissolved (total concentration 0.5 mg./ml.) and 
the degree of decomposition was only 1.6 per cent. 
While folic acid stock solution prepared with the 
aid of alkali is known to be stable for three 
months at 4° (6), no extensive data have been 
published with regard to folic acid stability in 
aqueous solutions at room temperature or at 
slightly elevated temperatures. 

Certain miscellaneous observations appearing 
in the literature are of pharmaceutical interest. 
An aerobic organism has been described, capable 
of converting folic acid to pteroic acid in a pH 
7.0 phosphate buffer medium (9). Dilute folic 
acid solutions in water or 20 per cent ethanol were 
rapidly decomposed with the splitting off of p- 
aminobenzoylglutamic acid when exposed to day- 
light (10). This occurred at pH 7.0 (phosphate 
buffer) and also in 0.1 N HCl and 0.1 N NaOH. 
Artificial ultraviolet light also caused decom- 
position, but with less rapidity. Alkaline solu- 
tions were oxidized in the presence of oxygen 
with a similar type of cleavage (11). Likewise, 
reduction with zinc and acid liberates p-amino- 
benzoylglutamic acid (12); this is used as the 
basis of an assay procedure for folic acid (13). 
Sulfites (6, 14) cause decomposition, as do strong 
oxidizing and reducing agents in general (15). 
Folic acid reacts with nitrous acid to form 
N"*-nitrosopteroylglutamic acid (16). 

Scheindlin (3) has reported on a study of the 
stability of folic acid under various conditions 
and its compatibility with a number of pharma- 
ceutical chemicals, galenicals, and proprietary 
liquid products. In the latter group, an elixir of 
thiamine hydrochloride remained clear and did 
not show diminished folic acid activity after 
three months’ storage at room temperature, but 
an elixir of vitamin B complex and a multi- 
vitamin syrup suffered a folic acid loss of more 
than 50 per cent. Another liquid vitamin B 
complex product showed separation, but did not 
decline in folic acid potency. After storage for 
five weeks at 42°, the results were somewhat 
different. The elixir of thiamine hydrochloride 
and the liquid vitamin B complex product re- 
tained full potency; the elixir of vitamin B com- 
plex declined in potency to the extent of 26 per 
cent, and the multivitamin syrup to the extent 
of 15 per cent. 

It was the purpose of this investigation to study 
the stability of folic acid in solutions containing 
individually and conjointly the following vita- 
mins of the B complex: thiamine hydrochloride, 
riboflavin, nicotinamide, pyridoxine hydrochlo- 
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ride, and pantothenyl alcohol. Another objective 
was to determine the influence of pH and tem- 
perature upon the solubility of folic acid in water, 
and also the effect of these factors and of the 
physical state upon the stability of folic acid in 
aqueous buffer solutions. The influence of sev- 
eral liquid vehicles upon the stability of this 
vitamin was also investigated. 


EXPERIMENTAL AND RESULTS! 


Effect of PH on the Solubility of Folic Acid.— 
The solubility of folic acid? at various pH levels was 
determined in Mcllvaine’s (17) buffers in the pH 
range 3 to 7. Saturated solutions of folic acid were 
prepared by agitating the buffer solutions (pH 3, 
4, 5, 6, and 7) with an excess of folic acid in glass- 
stoppered vessels during one- and forty-eight-hour 
periods at 30° + 2°. The solutions were filtered 
and the dissolved folic acid was determined by 
chemical analysis. The results shown in Fig. 1 indi- 
cate the solubility at the final pH attained in each 
solution. 
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Fig. 1.—Folic acid solubility in aqueous buffers 
(sodium phosphate-citric acid). Temperature 30 + 
_ O, one hour saturation period; @, forty- 
eight-hour saturation period. 
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Influence of Temperature on the Solubility of 
Folic Acid.—Solutions of folic acid were prepared 
at temperatures ranging from 25 to 95°. Freshly 
boiled and cooled distilled water was stirred me- 
chanically with an excess of folic acid during one 
hour, in a thermostatically controlled bath. The 
undissolved folic acid was removed by filtration at 
the corresponding temperature, and the filtrates 
were assayed chemically. The results shown in 
Fig. 2 illustrate graphically the change in solubility 
with temperature under the specified conditions. 
The solubility of folic acid was not determined at 
equilibrium conditions. A change in time em- 
ployed for mixing folic acid in water may result in a 
different solubility, particularly at the higher tem- 
peratures. For example, folic acid and water at 
80° were agitated for seventy-two hours and the re- 
sulting solubility was approximately 30% greater 
than that obtained after one-hour agitation. 


' The analyses were performed by Mr. Harvey Hodes. 
* U.S. P. folic acid was used throughout this study. 
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Fig. 2.—Folic acid solubility determined by stirring 
folic acid with water during one hour. 
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Stability of Folic Acid in an Aqueous Buffer 
System.—A series of samples was prepared (having 
a folic acid concentration of 1 mg./ml.) in sodium 
phosphate-citric acid buffer at pH levels between 3 
and 9 and in boric acid-potassium chloride-sodium 
hydroxide buffer (13) at pH 10. In preparing each 
sample, 25 ml. of a stock solution containing 0.25 
Gm. of folic acid was added to approximately 200 
ml. of the buffer solution. Five milliliters of an 
alcoholic solution of methyl and propyl p-hydroxy- 
benzoates (1.5% and 0.5%, respectively) was added 
as a preservative. The final volume was made up to 
250 ml. with the buffer solution. When an adjust- 
ment in pH was necessary, sodium phosphate or 
citric acid was used. In the samples at the lower 
pH levels, part of the folic acid precipitated during 
the course of preparation. The latter samples were 
not filtered, but were carried through the stability 
test as mixtures. All samples were assayed chemi- 
cally and then stored in the dark at room tempera- 
ture, at 6° and also at 45°. These were reassayed 
ifter various periods of storage. The results are 
indicated in Table I. 

The stock solution was prepared by dissolving folic 
acid at a concentration of 10 mg./ml. (real content) 
in a minimum quantity of 0.1 N sodium hydroxide. 
Methyl p-hydroxybenzoate (0.05%) and 0.01% of 
propyl p-hydroxybenzoate were added. The solu- 
tion was made up to volume with distilled water 
after adjusting its pH to 7. 
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In order to study the stability of the folic acid in 
solution at the lower pH levels, a second group of 
specimens was prepared at pH 3 to 6, wherein the 
precipitated folic acid was filtered off. The speci- 
men at pH 6 did not develop any immediate pre- 
cipitate. The clear solutions were assayed before 
and after storage. The results are shown in Table 
II. It is apparent that aqueous solutions of folic 
acid at pH below 6 are subject to decomposition 
during storage. 


TABLE II.—SraBiity oF SATURATED SOLUTIONS OF 
Foxiic Acip In AQuEous BUFFERS* 








Folic Acid Recovered, oie 
-———Mg./MIl. and Per Cent Change———. 
Initial 
Assay, 21 Days, 11 Months, 
100% 45° = 1° 25° = §° 
0.004 0.003(—25%) 0.000(—100%) 
0.006 0.006 (0) 0.000 (— 100%) 
0.053 0.051(—4%) 0.030(—43%) 
1.11(+9%) 1.030(+1%) 


oH 
3.0 
4.0 
5.0 
6.0° 1.02 


* Solutions at pH 3 to 5 are sat urated solutions. 
6 Made to contain 1 mg. folic acid per ml. 


Stability of Folic Acid in Syrup.—A series of 
samples was prepared identical with those in the 
previous group except for the inclusion of sucrose. 
Those specimens which developed a precipitate of 
folic acid were not filtered but were studied as mix- 
tures. The sugar content was 75 Gm./100 ml. 
The stability of these samples after storage was 
essentially the same as that shown in Table I for 
samples made without sucrose, except in the samples 
containing sucrose at pH 5.4 the folic acid did not 
precipitate, whereas in those made without sucrose 
it had precipitated. 

Stability of Folic Acid with B Complex Vitamins 
in an Aqueous Buffer System.—Samples were pre- 
pared at pH levels between 3 and 7 in sodium phos- 
phate-citric acid buffer solutions. Each 5 cc. was 
made te contain: 


Folic acid (real) 

Thiamine hydrochloride 

Nicotinamide 

Methyl p-hydroxybenzoate 

Propyl p-hydroxybenzoate 

Sodium phosphate-citric acid buffer g. s. 


1.66 mg. 
mg. 
mg. 
mg. 
mg. 
mg. 





Folic Acid Recovered, Mg./M1.—-—-— 





Initial Initial 
Description Assay 
Mixture? 0.89 
Mixture’ 1 
Mixture? a 
Mixture? 1. 
Mixture? a, 
Mixture? 0 
Solution* 0. 
Solution* 0 
Solution* 0.¢ 


3 Solution * 1. 


4 Months, 18 Months, 18 Months, 

- 5° 2. o 5° 2 : 2° 
0.98 

0.98 

0.91 

0.91 

0.89 

, ‘ 0.84 
0.93 . 0.684 
0.93 ; 0.85 
0.98 ; 0.92 
0.99 0.73 


-06 
.08 
.05 
05 
.O1 

02 
-00 
.99 
.02 
.04 


c 
eR OMe ee eee OM 





: Samples were made to contain 1 mg. folic acid ad ml. 
ubi 


+ Contains a sediment of folic acid because its so 
€ Developed a precipitate during storage 
4 This result considered anomalous 


lity has been exceeded. 


¢ Clark and Lubs’ buffer mixture; all others contained McIlvaine’s buffers. 
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-Folic Acid Recovered, Mg./M1. and Per Cent Change. 


Initia 

Initial Assay, 

Description 100% 

Mixture? 0.32 

0 Mixture? 0.33 
5.0 Mixture? 0.33 
3.0 Solution* 0.234 
0 Solution*® 0.294 


25 Days, 
45° = 1° 
0.28(—16% 
0 26 (21%) 
0.10(—70% 9} 
0 05(—78% 
0.04 (—86% 2} 


16 Months, 
25° = 5° 


0.33(+3%) 
0.34 (+ 3%) 


0.07 
0.05 38 
0.03 (—90 


%) 
90%) 





* Composition—Each ml. contains 
amide, 2.0 mg.; Mclivaine's buffers ¢. s 

® Contains undissolved folic acid 

© Solutions were clear when prepared; 

4 Samples were filtered when prepared. 


Riboflavin was added to a portion of the buffer ve- 
hicle in which the nicotinamide had been previously 
dissolved. The mixture was heated to 80° to effect 
complete solution of the riboflavin. The solution 
was cooled and the thiamine hydrochloride was 
added, followed by the preservatives and the folic 
acid. The folic acid did not dissolve completely 
at the lower pH levels. The samples were assayed 
for folic acid before and after storage. The results 
obtained are listed in Table III. 

Stability of Folic Acid with B Complex Vitamins 
in Syrup.—The formula of this series is identical 
with the previous group except that the product 
contained 80 Gm. of sucrose per 100 ml. Table IV 
presents the results obtained before and after 
storage. 

Stability of Folic Acid with B Complex Vitamins 
in Propylene Glycol-Syrup Mixture.—For this series 
of experiments two groups of samples were pre 
pared at pH levels between 3 and 7. The vitamin 
content was the same as in the previous group. 
The major difference was in the vehicles used, 
namely, group A contains 489% sucrose and 25% 
propylene glycol in aqueous sodium phosphate- 
citric acid buffer, while B contains 10° sucrose and 
75% propylene glycol in diluted buffer. A reduc- 
tion of the buffer salts was necessary in the latter 
groups because, when used in full quantities, the 
buffer salts tended to crystallize. The specimens 
containing 25°) propylene glycol formed the usual 
sediment of precipitated folic acid at the lower pH 
levels, whereas those containing 75% propylene gly 
col were clear solutions throughout the pH range 
studied. Both groups of specitnens were assayed for 
folic acid before and after aging. The results ob 
tained are presented in Table V 

Stability of Folic Acid with Thiamine Hydro- 
chloride in Aqueous Buffers.—-Samples were pre- 
pared at pH levels between 3 and 7 in sodium phos- 


Tasce I\ 


—— —~ ——— 


folic acid, 0.33 mg.; riboflavin, 0.2 mg.; thiamine hydrochloride, 0.2 mg.; 





nicotin 


developed a precipitate during storage 
This may account for low initial assay values 


phate-citric acid buffer. Thiamine hydrochloride 
(1 mg./ml.) was dissolved in the buffer solutions. 
Crystalline folic acid was added at a concentration 
of 1 mg./ml. Preservative was added and the 
samples were diluted to volume with the corre 
sponding buffer. The samples were agitated for at 
least one hour (at room temperature) to aid the solu- 
tion of folic acid. The well-mixed samples were 
assayed before and after storage. The results shown 
in Table VI show appreciable destruction of folic 
acid at pH 6 and 7. Tests were made at these pH 
levels because of the greater solubility of folic acid, 
despite the fact that pH 6 and 7 are considered 
unfavorable for thiamine stability. Folic acid- 
thiamine mixtures at pH levels between 3 and 5 
(wherein folic acid is for the most part undissolved ) 
showed good folic acid stability during three weeks’ 
storage at 45°. High folic acid assay values were 
obtained at pH 3 to 5 after storage for eleven months 
at room temperature. A satisfactory explanation 
for these high assays has not been elicited, although 
mold growth was observed in these samples and 
may have been responsible for the erratic results 
It is also possible that decomposition or interaction 
products resulting from thiamine and folic acid 
caused color interference during analysis. 


Stability of Folic Acid with Riboflavin, Nico- 
tinamide, Pyridoxine Hydrochloride, and Panto- 
thenyl Alcohol in Aqueous Buffers.—Similar series 
of samples were prepared (containing 1 mg. folic 
acid per ml.) with each of the following vitamins: 
riboflavin, nicotinamide, pyridoxine hydrochloride, 
and pantothenyl alcohol. 

The folic acid-riboflavin samples were made to 
contain 1 mg. of riboflavin per 5 ml. Stability re- 
sults are shown in Table VII. Almost total de- 
composition of folic acid occurred during nine 
months’ storage at room temperature in solutions 
at pH 5.9 and 6.9. Mixtures containing undis- 


Srapiuity oF Fotrc Actp witn B CompLex VITAMINS IN SyrupP* ” 











——————Folic Acid Recovered, Mg./M1. and Per Cent Loss. 


eon 
Ss 

- 100% 
3.3 Mixture* ).32 
4.0 Mixture* 0 32 
4 

5 


Initial 
H Description 


0.31(- 


9 Mixture® 0.30 
5 Solution 0.29 


5.4 Solution? 0.33 


3 Weeks, 
45° «+ _ 


0 30(—34) 
0.17(—43%) 
0.17(—44%) 
0.19(—33%) 


6 Weeks, 15 ry 
45° = 1° 25° = 

%) 0.29(-—9%) 0.30(-6%) 

0.27(—16%) 0.31(—3%) 

0 13(—56%) 0.19(—37%) 

0 12(—59%) 0.06 (—80%) 

0.12(—63%) 0.05 (—-85%) 





* Composition— Each ml. contains 
mg.; syrup g.s 

+ 80 Gm. sucrose/100 cc 

* Contains undissolved folic acid 


4 Free from sediment during storage 


folic acid, 0.33 mg.; 


riboflavin, 0.2 mg.; thiamine HCl, 0.2 mg 


; nicotinamide, 2.0 
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solved folic acid were stable at pH 3 and 4. At 
pH 5 a 25% loss in folic acid had occurred. 

The folic acid-nicotinamide samples contained 
25 mg. of nicotinamide per ml. The results ob- 
tained indicated good folic acid stability after ten 
months’ storage at room temperature. Mixtures 
(containing undissolved folic acid) at pH between 
3 and 5 underwent no change, while solutions at 
pH 6 and 7 showed a loss in folic acid of only 8% 
and 7%, respectively. 

The folic acid-pyridoxine specimens contained 
5 mg. of pyridoxine hydrochloride per ml. After 
ten months’ storage at room temperature, these 
samples showed negligible decomposition between 
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pH 3 and 5 (mixtures) while at pH 6 and 7 (solutions) 
a loss of 13° and 8%, respectively, was observed 
During the twenty-one-day 45° test period, 18% and 
3% loss in folic acid was noted in solutions having 
pH 6 and 7, respectively, while the decomposition 
of folic acid in mixtures at pH 3 to 5 was insignifi- 
cant. 

For the samples containing pantotheny! alcohol, 
5 mg. of that substance was used per ml. In the pH 
range 3 to 5, the samples (mixtures) demonstrated 
good folic acid stability after storage for twenty-one 
days at 45° and after eleven months at 25°. Solu- 
tions at pH 6 and 7, after accelerated storage, had 
lost 5% and 3% folic acid, respectively, whereas 


Tas_e V.—Srasiuity or Fourie Acip witn B CompLex VITAMINS IN PropyLens GiycoL-Syrup MiIxtrurg* 











Propylene Glycol 25%, Syrup 75%° 
Folic Acid Recovered, Mg./Ml1. and Per Cent Loss 


24 Days, 
45° = 1° 
—6%) 
Mixture* : 0.25(—-14%) 
{ —39%) 
—37%) 


Mixture’ “ 0.29 ( 


Mixture* 
Solution .30 


0.170 
0.19¢ 


06 onthe. 
oO Ps ° 
4 ia ) 
0.25 aa ' 
0.10(— 

9:08( 90 0) 


0.27 (—13%) 
0.21(—28%) 
0-11 ~60%) 
0.13(—56%) 


B. Propylene Glycol 75%, Syrup 25%? 
— Folic Acid Recovered, Mg./Ml. and Per Cent Loss——————. 


Initial * 
Assay, 
100% 
0.20 
0.18 
0.18 
0.20 


Initial 
Description 
Solution 
Solution 
Solution 
Solution 


12 Days, 
45° = 1° 


0.10(—50%) 
0:10) 444%) 
0.12(—33%) 
0.17(—15%) 


45 Days, 15 Months, 
45° = 1° 25° » 5° 
0.03(—85%) 0.04(—80%) 
0.03(—83%)  0.05(—72%) 
0.03(—83%) 0.03(—83%) 
0.05(—75%)  0.10(— 50%) 





e Composition—Each mi. contains "folie acid, 0.33 mg.; 
mide, 2.0 mg.; propylene glycol-syrup q. s 

6 Sugar content, 48 Gm. i 00 m! 

© Contains undissolved folic acid 

¢ Sugar content, 10Gm./100 ml 


* Initial assays were performed after storing the samples for five days at 6°. 


riboflavin, 0.2 mg.; 


thiamine hydrochloride, 0.2 mg.; nicotina- 


Average initial loss of folic acid was 43%. 


Tasie VI.—SrasBi.ity or Fouic Acip witH THIAMINE HYDROCHLORIDE IN AQuEOUS BUFFERS* 








-—-Folic Acid Recovered, Mg./MI. and Per Cent Change——. 


Initial 
Assay, 
100% 
1.02 
1.03 
1.06 
1.04 
1.04 


Initial 
pH Description 
3.1 Mixture 
4.0 Mixture* 
5.0 Mixture* 
5.9 Solution? 
6.9 Solution 


21 Days, 

45° «1° 

05 (+3%) 
1.04(+1%) 
1.05(~—1%) 
0:90 = 14 0) 
0.90(—14%) 


11 Months,® 
5° = 5° 





* Composition—Each ml. contains: folic acid, 1 mg., thiamine HCI, 1 mg., McIlvaine’s buffer ¢. s. 
h: 


+ These specimens contained mold growths. 
© Contains undissolved folic acid. 
4 Developed precipitate during storage 


* High assay values may be the result of interference during analysis, due to extraneous colors caused possibly by mold 
growth and from decomposition or interaction products of thiamine and folic acid. 


Tasie VII.—Srasiziry or Foriic Acip with RIBorLaviIn tn AQugovus Burrers* 








Tait Acid Recovered, Mg./MI. and Per Cent Loss——. 


Ini 

Initial ssay. 
Description 100% 
Mixture? 1.00 
Mixture® 1.01 
Mixture® 1.06 
Solution* 1.06 
Solution* 1.06 


21 Days, 
45° 


9 Months, 
25° = 5° 


6%) 0.98(—2%) 
6%) 0.98(—2%) 

58%) 0.79(—25%) 
33%) 0.11(—90%) 
~85%) 0.06(—94% 


0. 0 95¢— 
= rete 


0.16 





*® Composition—Each ml a folic acid, 1 mg., riboflavin, 0.2 mg., McIivaine's buffer ¢. s. 


> Contains undissolved folic acid 


© Clear solution when px epared. ” Developed a precipitate during storage. 
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after eleven months’ storage at room temperature, 


7% decomposition was observed at both pH levels 


ANALYTICAL PROCEDURE 


The analytical procedure used in these experi- 
ments is based upon the method developed by 
Hutchings, ef al. (12, 13), with certain modifications 
proposed by Seaman and co-workers (18), and 
others by Woolford and Avery (19), and with some 
additional changes. Ware and Cronheim (20) have 
also described modifications of the Hutchings pro- 
cedure. 

The method involves the reduction of the folic 
acid with zinc amalgam and an acid, to yieid a 
pteridine and p-aminobenzoylglutamic acid (PABG). 
The liberated PABG is determined by the method 
of Bratton and Marshall (21), involving diazotiza- 
tion and treating with a coupler to develop a color. 

Considering the reproducibility of the assay pro- 
cedure and the problem of obtaining a representative 
sample in those preparations containing undissolved 
folic acid or other precipitated matter, variations in 
assay values within the limits of 5% were arbi- 
trarily regarded as insignificant. All samples were 
assayed directly, without any preliminary separ- 
ation or extraction of the folic acid from the other 
constituents. 

In some instances, such as those involving samples 
containing riboflavin, it was noted that a significant 
amount of folic acid decomposition occurred during 
the preparation of the solution for assay. This 
decomposition was minimized by maintaining the 
solution in an ice bath and by completing the an- 
alysis as rapidly as possible. 

Pipette a representative sample equivalent to ap- 
proximately 5 mg. of folic acid into a 250-ml. volu- 
metric flask. Add 20 ml. of 0.1 N NaOH to dis- 
solve any precipitated folic acid, followed by 25 ml. 
of 5 N HCl, and dilute to volume with distilled 
water. (Represents solution A.) It is at this point 
in the procedure that folic acid may decompose in 
the presence of riboflavin or thiamine hydrochloride. 
Therefore, the analysis should be continued with a 
minimum loss of time. Placing this solution in an 
ice bath will retard the decomposition. 

To prepare the unreduced solutions, transfer 25- 
ml. portions (from solution A) into each of two 100- 
mil. volumetric flasks (flasks 1 and 2). Add 30 ml. 
HCl (1:5) and mix well. Add to each flask 10 ml. 
of sodium nitrite, 1% solution. Agitate the solu- 
tions during five minutes, then add to each flask 10 
ml. of a 5% solution of ammonium sulfamate. 
Shake the flasks vigorously to expel the liberated 
gas, taking care to avoid losses by spattering. Con- 
tinue the agitation during three minutes. To flask 
2, add 10 ml. of a 0.1% solution of N-(1-naphthyl)- 
ethylenediamine dihydrochloride, 0.1% solution. 
Dilute flasks land 2tovolume. Agitate them inter- 
mittently during ten minutes. The color produced 
is measured at 550 mu in a Beckman Spectropho- 
tometer. 

To prepare the reduced test solutions, transfer 
approximately 65 ml. of solution A to a strong 
screw-cap bottle of approximately 200 ml. capacity. 
Add 10 ml. of zinc amalgam made from 10 Gm. of 
mossy zinc for each 20 ml. of mercury. Stopper 
the bottle tightly and agitate for thirty minutes. 
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(Designated as solution B.) Transfer 25 ml. of the 
reduced solution (solution B) to each of two 100-ml. 
volumetric flasks (flasks 3 and 4). Continue the 
assay as stated above, starting with, “add 30 ml. 
HCI (1:5) etc.,” the coupling reagent being added 
only to flask 4. 

A standard curve is prepared by diazotizing and 
coupling a series of p-aminobenzoylglutamic acid 
(PABG) solutions as described above. The per 
cent transmission obtained for each solution in 
flasks 1 to 4 inclusive, is read on the standard 
curve, and the resulting concentration of PABG 
is obtained for each solution. Folic acid is deter- 
mined by the following formula: 


Solution B 
| Reduced Sample — Reduced blank _ 
(4-3) 
Solution A 
[ vareducea Sample — Unreduced blank = 
(2—1) 

PABG, equivalent to folic 

acid in the diluted sample 


(Numbers refer to the numbered flasks wherein the 
PABG found in each solution is substituted.) The 
weight of PABG obtained is multiplied by the fac- 
tor 1.66 (mol. wt. folic acid/mol. wt. PABG) to 
convert it to folic acid. This represents the folic 
acid in the diluted sample. The use of appropriate 
dilution factors gives the folic acid content in the 
origina! material. 

The reduced and uvnreduced blanks are included 
in order to correct for the color caused by extrane- 
ous substances, in both the reduced and unreduced 
samples. 


DISCUSSION 


The solubility of folic acid in aqueous systems is 
greatly dependent upon pH. At pH 5.6 or higher, 
the vitamin is sufficiently soluble to permit the 
preparation of solutions sufficiently concentrated 
for many pharmaceutical purposes. The studies 
herein reported dealt with preparations containing 
1 mg./ml. and this amount of folic acid was com- 
pletely dissolved at approximately pH 5.6 or higher. 
At pH 5.0, 1 mg./ml. of folic acid was not com- 
pletely dissolved, and in the range pH 3 to 4 the 
folic acid remained substantially undissolved. 
The concentration of 1 mg./ml. was selected as 
representing the center, more or less, of pharma- 
ceutical interest. Such preparations would contain 
5 mg. of folic acid in an average teaspoonful. It is 
obvious that elixirs or syrups containing folic acid 
alone in such a concentration are feasible from the 
point of view of solubility. In other types of prod- 
ucts, such as in parenteral solutions, a higher con- 
centration might be desirable, and here again it can 
be readily achieved, merely by raising the pH toa 
suitable level. However, there are many possible 
combinations wherein it is necessary, for the sake 
of the stability of other ingredients, to have a low 
pH level, such as 3 to 4 as required in multivitamin 
products. In this range the solubility of folic acid 
is very low, and folic acid, if added in the concen- 
tration mentioned, would remain largely undis- 
solved. This, of course, does not eliminate the 
possibility of formulating such products containing 
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folic acid. In the first place, the undissolved folic 
acid might be suspended with due pharmaceutical 
elegance, and this problem is aided in the case of 
many liquid multivitamin and hematinic prep- 
arations by the high viscosity, low surface tension, 
and often, dark color, of the basic product. Further- 
more, as will be discussed below, the fact that the 
folic acid is present undissolved may actually 
protect it from deleterious influences exerted by other 
components of the preparation. 

The stability of folic acid in aqueous media is in 
general very good. The data (Table I) show that 
dissolved folic acid at pH 6.0 or higher is stable for 
one year at room temperature. At the lower pH 
levels (3 to 4) the very small amount of folic acid 
which goes into solution is unstable (Table II) but 
mixtures containing undissolved folic acid at concen- 
trations exceeding its solubility exhibit good sta- 
bility (Table 1) and are pharmaceutically practic- 
able and useful. 

Riboflavin and, to a lesser degree, thiamine cause 
the decomposition of dissolved folic acid. This 
decomposition is fairly rapid so that a significant 
amount can occur even during the preparation of a 
sample for analysis. In the gross preparations, 
loss of folic acid was most evident in the pH range 
6 and 7, where the folic acid was completely dis- 
solved. At pH 5, where the folic acid was partly 
undissolved, the decomposition was less, and at pH 
3 and 4, where the folic acid was essentially undis- 
solved, good stability was exhibited. The latter re- 
sults indicate that folic acid may be compounded in 
liquid preparations at pH levels designed for 
optimum stability of the vitamins of the B complex, 
the problem being chiefly one of achieving a satis- 
factory homogeneity of suspension of the folic acid. 

Pyridoxine and pantothenyl alcohol caused some 
decomposition of dissolved folic acid in certain 
samples. However, this effect was not sufficient to 
present a serious compatibility problem in itself 
Samples at low pH levels containing undissolved 
folic acid were not affected by pyridoxine or panto- 
thenyl alcohol. Nicotinamide was entirely in- 
nocuous at all pH levels. 

Among the vehicles tested in the multivitamin 
group, the samples containing propylene glycol 
exhibited the greatest amount of folic acid de- 
composition. The vehicle containing sucrose did 
not exhibit any significant improvement in stability 
when compared with that obtained with aqueous 
buffers alone. 

The high degree of stability of undissolved folic 
acid in aqueous media containing dissolved B com- 
plex vitamins might be used as a basis for the pre- 
diction that the manufacture by ordinary methods, 
and the storage of B complex vitamin tablets and 
capsules, would not be fraught with special difficul- 
ties related to folic acid stability. 

It is well known that reduction of folic acid in an 
acid medium results in the formation of a pteridine 
and p-aminobenzoylglutamic acid (12, 13). The 
decomposition of folic acid at low pH levels and 
also in the presence of other B complex vitamins 
involves a similar reaction. This fact became ap- 
parent in the course of the analyses of the experi- 
mental samples. The analytical procedure as de- 
scribed above involves the estimation of the aro- 
matic amine p-aminobenzoylglutamic acid (PABG) 


ScrenTIFIC EDITION 





1.0 


MG. PER ML. 











i 
00 i" 


Fig. 3.—Folic acid-riboflavin : relationship between 
folic acid decomposition and liberation of para- 
aminobenzoyl glutamic acid (PABG). Assay values 
after nine months’ storage at room temperature. 

Initial composition: Each ml. contains folic acid, 
1.0 mg.; riboflavih, 0.2 mg.; Mcllvaine’s buffer, 


q. $. 
A, folic acid remaining; B, PABG resulting from 
folic acid decomposition (calculated as folic acid). 


before and after reduction of the folic acid with 
zinc amalgam. The PABG (free) content of the 
unreduced sample corresponds to the amount of 
folic acid which has undergone decomposition. 
The PABG liberated by reduction with zinc amal- 
gam corresponds to the amount of undecomposed 
folic acid remaining in the sample before analysis. 
In general, there was good agreement between the 
two figures. That is to say, the sum of the free 
PABG present in the sample before analysis and the 
PABG liberated by the reduction with zinc amal- 
gam, was usually approximately equal to the total 
PABG expected on the basis of the initial folic 
acid concentration. This point is illustrated in 
Fig. 3. The latter deals with a series of samples 
containing folic acid and riboflavin, and shows that 
as the folic acid content in the series declined, the 
free PABG content, calculated as folic acid, rose 
proportionately, so that the sum of the two at any 
point was approximately equal to the initial folic 
acid concentration. 

Folic acid stability data presented in this paper 
are based upon experiments performed with certain 
specified quantities of folic acid and other B vita- 
mins. It is reasonable to expect that where de- 
composition of folic acid occurred with thiamine or 
riboflavin alone or in mixtures, the rate and amount 
of such decomposition would be dependent, among 
other factors, upon the concentration of these vita- 
mins, i. e., for formulations having different concen- 
tration ratios of folic acid and thiamine or riboflavin, 
varying rates of folic acid decomposition would be 
expected. Likewise, while little or no decomposition 
was encountered with nicotinamide, pyridoxine, or 
pantothenyl alcohol at the concentrations used, the 
use of greater proportions of these vitamins in com- 
bination with folic acid might induce a significant 
degree of decomposition, 
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SUMMARY 


1. The solubility of folic acid as a function of 
pH and of temperature has been determined 
under specified conditions. 

2. Results of stability studies with folic acid, 
in liquid mixtures and solutions at several pH 
levels in water, syrup and propylene glycol-water 
vehicles, and in solutions of the B complex 
vitainins, have been reported. 

3. Folic acid in aqueous solution at pH 6.0 to 
9.8 in the presence of citrate-phosphate burfer 
shows excellent stability. At pH 5.0 or lower, 
the folic acid has a very low solubility, and these 
solutions decline rapidly in potency. 

4. Considerable decomposition of folic acid 
containing riboflavin and 
somewhat with thiamine hydrochloride. 
Pantothenyl alcohol, pyridoxine hydrochloride, 
and nicotinamide (at the concentrations studied) 
had insufficient influence on the stability of the 
folic acid to be classified as incompatible sub- 
stances. 

5. Crystalline folic acid in an aqueous me- 
dium at pH 3 to 4 is stable in the presence of the 
B complex vitamins including thiamine and 
riboflavin. This suggests an approach to the 
successful compounding of folic acid with these 
vitamins in liquid mixtures or suspensions. 

6. The decomposition of solutions of folic 


occurs in solutions 


less 
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acid in the presence of other B complex vita 
mins is accompanied by the liberation of an 
equivalent ameunt of an aromatic amine, pre- 
sunably p-aminobenzoylglutamic acid. This is 
analogous to <he reaction used in the analysis of 
folic acid, involving reduction with zinc in the 
presence of an acid. 


REFERENCES 
(1) Stokstad, E 


L a. J. Am. Chem. Soc., 70, 
3(1948) 
(2) Pfiffner, J. J., et al., ibid., 69, 1476(1947) 
(3) Scheindlin, S., Am. J. Pharm., 120, 103(1948). 


(4) Anricchio, G.; Boll. soc. ital. biol. sper., 23, 361(1947) 
(5) Harned, B. K., ef al., Ann. N. Y. Acad. Sei., 48, 289 


(1946). 
rae\sber) Daniel, E. P., and Kline, O. L., J. Biol. Chem., 170, 
7 194 
(7) Dick, M. I. B., et al., Australien J. Exptl. Biol. Med 
Sei., ft eae ). 
8) Koft, B., and Sevag, M. G., J. Am. Chem. Soc, 71, 


s245(1049) 
Lemon, J., ef al., Arch. Biochem., 19, specs, 
et al., J. Biol. Chem., 167, 877 


Stokstad, E. L. R., 
J. Am. Chem. Soc., 70, 5 


R., e@ al., 
L., ef al., J. Biol. Chem., 168, 705 


et al., 


). 
Stokstad, E. L 
) 


; Hutchings, B. 


“United States pisemesete, ** Fourteenth Revision, 

Mack ‘~~. Co., Easton, Pa., 1950. 

(14) Waller, C. W., ef al., J. Am. Chem. Soc., SS —e. 

(15) Mitchell, H. ke. and Williams, R. | * -- 6, 2 
(1944). 

(16) Cosulich, D. B., and Smith, J. M., Jr., 
(1949). 

(17) “Handbook of Chemistry and Physics,"’ 13th ed., 
Chemical Rubber Publishing Co., Cleveland, Ohio, 1947. 

(18) Seaman, W., and co-workers, unpublished data, 
Calco Chemical Division, American Cyanamid Co. 

(19) Woolford, M. H., and Avery, M. E., unpublished 
data, American C yanamid Co., Lederle Laboratories Divi- 


sion. 
(20) Ware, P. A., 
98(1950). 
(21) Bratton, A. C., 
Chem., 128, 537(1939). 


ibid., 71, 3574 


and Cronheim, G., Tars Journat, 39, 


and Marshall, E. K., Jr., J. Biol 





American Association for the Advancement of Science—Pharmacy 
Subsection Meeting 


The next meeting of the American Association for the Advancement of Science will be held in 


Philadelphia on December 26-31, 1951. 


Sciences is being made up. 


The program of the Pharmacy Subsection of the Medical 
Six sessions of this Subsection will be held. 


Members are invited to 


attend the meetings of the Section on Medical Sciences, Subsection on Medicine, and the Section on 


Chemistry. 


Arrangements will be made for advance registration. 


Advance registrants will be sent a copy 


of the General Program before the meeting. See Science or Scientific Monthly in late August or Sep- 


tember. 


Authors who wish to present papers before the Subsection are requested to send in titles of papers 
as soon as possible. All titles for inclusion in the printed program must be in the hands of Glenn L. 
Jenkins, Chairman, Subsection Np, Purdue University, School of Pharmacy, Lafayette, Ind., by Sep- 


tember 15. 











Antifungal Activity of a Series of Thiocyanates* 


By L. LANDIS, D. KLEY, and N. ERCOLI+ 


The activity of more than 100 aryl oxyalky! 

derivatives of thiocyanates and isothiocyan- 

ates against fungi pathogenic to humans has 

been determined. Of the entire series of com- 

pounds studied, »(p-bromo)phenoxypropy! 

thiocyanate was found to most active as 
an antifungal agent. 


WW srr: Herbold, and Lindegren (1), in 
1936, reported that the vapors from crushed 
garlic showed bactericidal activity. In 1937, 
Lovell (2) studied the same properties from vap- 
ors of crushed onions. Foter and Golick (3), in 
1938, showed that the vapors from crushed horse- 
radish roots similarly exerted a strong effect 
against several bacterial strains. Having re- 
reviewed the chemical analyses of crushed horse- 
radish by Goldmeister and Hoffman (1916) and 
Heiduschka and Zwergal (1931), who found that 
the main volatile components of horse-radish 
were mustard oil, allyl isothiocyanate, phenyl 
ethyl isothiocyanate, and phenyl propyl isothio- 
cyanate, Foter (4) reported in 1940 on the bac- 
tericidal effect of the main constituent—allyl 
isothiocyanate—and two other oils of similar 
structure, methyl and ethyl isothiocyanates. 

In surveying the antifungal activity of various 
organic compounds, it was noted that allyl iso- 
thiocyanate was quite effective against a number 
of fungi associated with dermatophytosis. This 
observation is in agreement with the findings of 
Walker, Morell, and Foster (5), who, in 1937, 
reported that the type of radical attached to the 
SCN or NCS group of the molecule of various 
mustard oils affected their toxicity to different 
microorganisms in the following descending order: 
allyl, phenyl, methyl, and ethyl. In 1943, 
Hooker, Walker, and Smith (6), also found that 
allyl isothiocyanate was toxic to several species of 
fungi. In a more recent publication (1946), 
Davies and Sexton (7) reported that thiocyanic 
and isothiocyanic acid derivatives and certain 
substituted aryl isothiocyanates have fungistatic 
activity. It is well known, however, that all of 
these compounds possess highly irritating proper- 
ties which make them unsuitable for therapeutic 
use. 


* Received May 5, 1950, from the Warner Institute for 
Therapeutic Research, New York, N. Y. ’ 

Presented to the Scientific Section, A. Pu. A., Atlantic 
City meeting, May, 1950. - 

+ Present address: Istituto Sieroterapico Milanese, Mil- 
ano, Italy. 


We have investigated the activity of aryl 
oxyalkyl derivatives of thiocyanates and isothio- 
cyanates with the objective of preparing one 
which would be effective against a representative 
group of pathogenic fungi, and at the same time 
devoid of any unacceptable characteristics such 
as: unpleasant odor, lacrimation, and irritation. 
In all, over 100 preparations were studied of 
which a series of 20 thiocyanates are described 
here. The compounds tested were all prepared 
in the chemical laboratories of the Warner Insti- 
tute (Genzer, Huttrer, and Van Wessem, to be 
published in J. Am. Chem. Soc., July, 1951). 


METHODS 


In this study, our primary aim was not to formu 
late any new criteria for methods of testing. Those 
available were found satisfactory for the present 
investigation. For comparative purposes all test 
materials were subjected to the Burlingame and 
Reddish (8) and to the Golden and Oster (9) meth- 
ods. The similarity of results with the two tech- 
niques has been previously reported by other work- 
ers. Hence, the methods we adopted for study were 
basically those of Burlingame and Reddish (8), with 
the following modifications: 


(a) For fungistatic (solution and ointment) 
testing, as in all other cases, a ten- to twelve-day- 
old culture was used throughout. 

(6) For fungicidal (solution) testing, culture 
disks were exposed for one, five-, ten-, and thirty- 
minute intervals; washings were made in 10 cc. of 
25°% aqueous ethy! alcohol. 


In the course of our work, it was found that the 
results were not influenced to any great extent by 
the longer exposure periods; one- and five-minute 
contacts of compound and organism were sufficient 
to give maximum results possible with the drug con 
centrations used. 

The procedures for sporostatic activity were as 
follows: 0.1 cc. of test solution was added to 20 cc. 
of Sabouraud’s maltose agar (45°). Upon harden- 
ing, 0.1 cc. of a suspension containing about one 
million spores, counted with a Levy hemocytometer, 
was streaked over the agar surface. The spore sus- 
pensions were prepared by adding 10 cc. of saline 
to sporulating agar slants and scraping the surface 
growth with swabs. Intermittently, the dilution 
technique was also used. The growth inhibition 
activity of the compound was determined in serial 
dilution, using a sporulating medium! which gives 


5.0 Gm. glucose; 5.0 Gm. 
0.05 Gm. magnesium 
ite; 


™m. copper ate; and 


1 Medium: 7.5 Gm. glycerin; 
peptone; 4.0 Gm. sedium chloride; 
sulfate (7.HsO); 0.06 Gm. 
0.003 Gm. ferric chloride; 0.001 
1.4 L. distilled water. 
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TABLE I. 














Test Culture 
T. mentagrophytes 
T. purpureum 
E. floccosum 
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phytes 


purpureum 


grophytes 


T. mentagrophytes 

C. neoformans 

E. floccosum 

C. neoformans 

A. fumigatus 

T. menta 
purpureum 


T. mentagro 
T. 


2 
E. floccosum 


D 











A-! = fungicidal; 


D = sporostatic. 


C = fungistatic (ointment); 


B = fungistatic (solution); 


— = inactive; 


Nore: 





P = partially active; 


O = active; 
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abundant growth within two days. A twofold 
serial dilution of the test preparation was made in 
0.8-cc. amounts of medium with 0.2 cc. of a spore 
suspension (30,000/tube) added to all tubes, in- 
cluding controls. 

Observations on all experiments, except the serial 
dilution, were for periods of about three weeks. The 
organisms used interchangeably were: Trichophyton 
mentagrophytes (Emmons No. 640), Trichophyton pur- 
pureum (Epidermophyton rubrum), Epidermophyton 
floccosum (inguinale), Cryptococcus meoformans, 
Microsporum felineum, and Aspergillus fumigatus. 
All of the compounds were water insoluble; 95% 
ethyl alcohol was used throughout as solvent. Con- 
trol tests on the effect of the solvent, as well as on 
commercial preparations (Table III), were per- 
formed simultaneously. 


RESULTS 


The activity was determined by establishing the 
minimal effective concentration for each compound. 
To illustrate how these figures were obtained, the 
experiments on 7(-bromo)phenoxypropyl thiocy- 
anate are presented fully in Table I. Each of the 
preparations was treated in a similar manner and, 
in addition, was treated repeatedly with other tech- 
niques in order to obtain a better indication of ac- 
tivity. The results tabulated, however, are all 
based on the modified procedures adapted for our 
own purposes. It appears that the sensitivity of 
the fungal strains studied does not vary widely in 
many of the accepted techniques. In general, the 
relative value of different preparations closely 
paralleled the various strains and procedures. The 
method evolved by Schamberg and Kolmer (10) 
appears in our hands somewhat less sensitive for 
fungistatic activity than is our method. In most 
cases the sporostatic activity of the compounds was 
found to be higher than the fungistatic, although the 
conditions of testing were similar. This might per- 
haps be attributed to the shorter periods of time 
required for testing of the former. 

Among the phenoxyalkyl derivatives (Table I), 
the fungistatic and fungicidal activity appears to be 
higher in the phenoxypropyl than in the phenoxy- 
ethyl series. On the other hand, the halogen- 
substituted phenoxybutyl thiocyanates were gener- 
ally less active than the corresponding compounds 
with shorter chain length, whereas the sporostatic 
activity is more uniformly distributed. Bromine 
substitutions in the aromatic ring resulted in com- 
pounds of higher activity in the phenoxypropyl! and 
phenoxyethyl series. The toloxy groups of the 
ethyl, propyl, and butyl series, irrespective of the 
methyl] position, were all only weakly active, com- 
parable to the activity of the phenoxybutyl prepa- 
rations. 

With the Schamberg and Kolmer (10) technique, 
the fungistatic activity, tested with and without 
10% rabbit serum, indicates (Fig. 1) the more pro- 
nounced effectiveness of +(p-bromo)phenoxypropyl 
thiocyanate among the preparations reported here. 
The highest dilutions showing fungistasis, without 
serum, were: +(p-bromo)phenoxypropyl thiocya- 
nate 1:90,000, undecylenic acid 1:25,000, propionic 
acid 1:10,000, and 8-hydroxyquinoline benzoate 
1:35,000. With the addition of 10% rabbit serum, 
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Fungistatic 


Solution 


Sporostatic-— 


Ointment? 


Fungicidal 
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Organ 
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N 
Organ 


No 


Activity 


Tested 
Against 


Activity 


Tested 


Activity 


Range 


Range 


Against 


Range 


Formula 
C,;HsNCS 
C,HsNCS 
CsHsNCS 


Allyl isothiocyanate 
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Ethyl isothiocyanate 


Phenyl isothiocyanat¢ 


acid 


Undecylenic 


Propionic 


C,H,COOH 


Cy HO, 
CHO; 


:15,000-1 s 


] 


acid 


:20 ,000 


8-Hydroxyquinoline 


C,H;ON 
CsH,O, 


Dehydroacetic acid 


1:15,000-1:4,000 


Inactive 


95°, 


FtOH 


Ze phir in? 


>” 
o 


test compound—0.1 to 1.0° 


Carbowax" 4000 


19 


80 to 80.9 
a mixture of alkyl radicals (CsHw to CuHy) 


polyethylene glycol 300 


* Ointment composition 


6 Zephiran 
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1-100,000 





1- 90,000 - 


1- 80,000 


1- 70,000 


1- 60,000 


1- 50,000 


— ——-—-4 





1- 40,000 > 


4 


1 han 


4 


1- 30,000 
1- 20,000 


1- 10,000 











1-1,000 


Fig. 1.—Fungistatic activity against T. mentagro 
phytes. SJ with 10% serum, () without serum 

1, Undecylenic acid. 2, 2.5% 8-Hydroxyquino- 
line benzoate. 3, Propionic acid. 4, 1.09% y(p- 
Bromo )phenoxypropy! thiocyanate 


the results were as follows: +(p-bromo)phenoxy 
propyl thiocyanate 1:40,000, undecylenic acid 
1:5,000, propionic acid 1:1,000, and 8-hydroxy 
quinoline benzoate 1:9,000 

In a recent paper Oster? expressed the opinion 
that the treatment of dermatophytosis has to date 
only been attempted with preparations having rather 
mild fungicidal activity. It is his belief that this 
has resulted in drug fastness and resistance of causa 
tive organisms, with the consequence that there has 
been a great increase in the chronic cases of tinea 
pedis, for example. Also there have been very few 
occasions when extremely effective compounds have 
been available or prescribed for clinical trials. He 
also presented clinical evidence in support of his 
belief in the use of more active drugs to combat 
dermatophytosis. The results of our in vitro study 
appear to support Oster’s view that more active 
preparations be used. From a highly effective 
group of fungicides we have chosen the most active 
—»( p-bromo)phenoxypropyl thiocyanate—for clin 
ical trial against dermatophytosis. This compound 
has been shown to possess greater activity, against a 
representative group of pathogenic fungi, than any 
of the active compounds used today in the popular 
brands of fungicidal preparations 


CONCLUSIONS 


1. A highly effective antifungal thiocyanate 
has been presented in this report. 

2. The order of antifungal activity of y(p 
bromo)phenoxypropyl thiocyanate appears to 
be higher than that of any other available and 
upon comparative 


presently used compound 


testing 


*? Read before the New York Academy of Science meeting 
held January 27, 1950 
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The Fungistatic Properties of 
Acenaphthene Derivatives*' 


By JAMES E. McDAVID{] and TROY C. DANIELS$ 


A group of substituted acenaphthenes and 
acenaphthenequinones has been prepared 
and tested, by an agar cup-plate technique, 
for their fungistatic effect on Trichophyton 
mentagropbytes. Moderate activity was ex- 
hibited by several of the compounds. 


ANTIFUNGAL activity has been reported by 

several authors for compounds which con- 
tain the acenaphthene nucleus. Bateman and 
Henningsen (1) have shown that acenaphthene 
inhibits the growth of Fomes annosus, a fungus 
which infests wood. Inhibition of the growth 
of ‘Aspergillus niger by acenaphthene is reported 
by Ivanov and Makrinova (2). Ladd (3) has 
recently described certain antifungal properties 
of acenaphthenequinone. 

In this laboratory a group of acenaphthene and 
acenaphthenequinone derivatives has been pre- 
pared and tested for fungistatic activity. These 
compounds are denoted by Formulas I and II, 
in which R is Cl, Br, NOz, NH, SO;Na, SOsNHa, 
or COOH, and R’ is Clor Br. 


° oO 
[4 
AA ( 


1 | | 
WAZ LA. 


R R’ 
(I) (II) 
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EXPERIMENTAL! 


Preparation of Compounds 


5-Chloroacenaphthene.—This compound was ob- 
tained by the method of Crompton and Walker (4). 
A sample purified through the picrate consisted of 
nearly colorless plates, m. p. 69.5 to 70° (uncorr.); 
reported, 70.5°. 

5-Bromoacenaphthene.— Bromination of acenaph- 
thene in warm carbon tetrachloride or acetic acid 
yielded, after crystallization from ethanol, bright 
yellow plates, m. p. 51-53° (uncorr.); reported, 
51° (4). 

5-Nitroacenaphthene.—-The nitration of ace- 
naphthene by the method of Quincke (5), as modi- 
fied by Graebe and Briones (6), yielded yellow 
needles from ethanol; m. p. 101 to 101.5°; re- 
ported, 102° (5), 106° (6, 7). The melting point 
on repeated crystallization changed in an anomalous 
manner. After one crystallization of crude mate- 
rial (ligroin-petroleum ether) the melting point was 
99-101°. After two subsequent crystallizations 
(ethanol) the melting point had risen to 105 to 
105.5°. After further crystallizations from ethanol, 
the melting point decreased to the value first men- 
tioned and remained constant. 

Anal.—Caled. for CyHyNO,: C, 72.36; H, 4.52. 
Found: C, 72.41; H, 4.47. 

5-Ami phthene.—The nitro derivative was 
reduced by the ‘method of Fleischer and Schranz 
(8). The product, after crystallization from 
toluene-petroleum ether and ethanol-water, con- 
sisted of pale tan, fluffy needles, m. p. 105.5°; re- 
ported, 108°. 

Anal.—Caled. for CwHyN 
Found: C, 84.71; H, 6.53. 

Acenaphthene-5-sodium Sulfonate.—The method 
of Dziewonski and Stolywho (9) yielded a white 
microcrystalline product. 

Acenaphthene-5-sulfonamide.—Treatment of the 
sulfonate with PC\,, followed by ammonium hy- 
droxide, yielded pale tan crystals, m. p. 225-226°; 
—, 222-223° (9). 





C, 85.21; H, 6.51. 


! All melting points corrected, unless otherwise specified. 
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5-Acenaphthenecarboxylic Acid.—5-Acenaphthen- 
ylmethyl ketone was prepared by the Friedel-Crafts 
method, as described by Fieser and Hershberg (10). 
This compound, m. p. 67 to 68.5° (reported, two 
forms, one melting at 57 to 57.5°, and the other, 
69.5 to 70°), was oxidized by sodium hypochlorite 
according to the standard technique (11). The 
product obtained was found to exist in two modi- 
fications, one yellow and the other colorless. Both 
had identical melting properties [m. p., 221-222° 
with decomposition; reported, 222-223° (10)], and 
did not differ, within the limits of experimental 
error, in elementary analysis. Certain other dif- 
ferences in physical properties were noted (12), but 
it is not pertinent to consider them in this paper. 

Anal.—Caled. for Ci3HwO,: C, 78.79; H, 5.05. 
Found: C, 78.80; H, 5.19. 

Acenenaphthenequinone.—This compound was 
prepared by the established method (13), m. p. 

58-261°; reported, 261° (14). 

5-Chloroacenaphthenequinone.—The oxidation of 
5-chloroacenaphthene as described by Dziewonski 
and Zakrzewska-Barnaowska (15) yielded yellow 
needles, m. p. 202-203°; reported, 192-193°. 

Anal.—Caled. for CyHsClO,: C, 66.67; H, 2.32. 
Found: C, H, 2.33. 


65.62; 





— 5 - Bromoace- 
naphthene was oxidized according to the directions 
of Graebe and Guinsbourg (16). Yellow needles, 
m. p. 224-228°, were obtained; reported, 194° 
(16), 238° (17). 

Anal.—Caled. for CyHsBrO,: C, 
1.91. Found: C, 54.71; H,2 





55.17; H, 


ANTIFUNGAL TESTS 


The compounds described above were screened 
for fungistatic action by a cup-plate method similar 
to that described by Burlingame and Reddish 
(18). A well, 12 mm. in diameter, was made in 
the center of each assay plate, by removing a plug 
of the Sabouraud agar with a sterile cork borer. 
The plates were inoculated from seven-day-old 
cultures of Trichophyton mentagrophytes. A mixture 
of spores and mycelia was transferred to the test 
plates by gently rolling sterile cotton swabs on the 
ends of applicator sticks, first over the stock culture, 
and then over the agar to be seeded. 

All the substances tested, except acenaphthene-5- 
sodium sulfonate, were dissolved in ethanol or 
ethanol-acetone 7:3. These solvents were shown to 
have no effect on the growth of the test organism. 
The sodium sulfonate was dissolved in water. All 
concentrations were 0.1% of the acenaphthene 
derivative. 

After incubation at 26° for seven days, the fungi- 
static activity of the compounds placed in the cen- 
tral wells was evaluated in terms of the radius seg- 
ment? of the inhibition zones surrounding the 
wells. The results represent the average value of 
two determinations. Table I summarizes the 
observations. 


* The screening tests were performed by Mrs. Virginia 
Pickering, Senior Laboratory Technician. 

* Radius of the zone of inhibition, minus the radius of the 
well (6 mm.) made in the agar. 
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DISCUSSION 


Although all the compounds show a certain degree 
of inhibition, in none of these substances is this 
inhibition marked. The ability to depress fungus 
growth shown by this series of acenaphthene de- 
rivatives suggests that an inherent property of the 
acenaphthene nucleus is responsible for the activity. 
Further chemical investigation might yield com- 
pounds which enhance this inherent property and 
which would display sufficiently strong action to 
be of interest clinically. 


SUMMARY 


Eleven compounds which contain the ace- 
naphthene nucleus have been tested for fungi- 
static activity. 

None of the compounds tested show more than 
moderate activity against Trichophyton menta- 


grophytes. 


Taste I.—Funorstatic Activity oF CERTAIN 
ACENAPHTHENE AND ACENAPHTHENEQUINONE Dkr- 
RIVATIVES 








Clear Zone,* 
Compound Mm. 
Acenaphthene 
5-Chloroacenaphthene 
5-Bromoacenaphthene 
5-Nitroacenaphthene 
5-Aminoacenaphthene 
Acenaphthene-5-sodium sulfonate 
Acenaphthene-5-sulfonamide 
5-Acenaphthenecarboxylic acid 
Acenaphthenequinone 
5-Chloroacenaphthenequinone 
5-Bromoacenaphthenequinone 





® Measured as radius segment, as described in text. 
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Studies on Sex Difference in Resistance to 
Ouabain in the Albino Rat*t 


By HARALD G. O. HOLCK{ and KAZUO K. KIMURA§ 


The presence of sex difference to ouabain, as jud 
(LDw’s) in male and in female rats, has been con 


the average lethal doses 
and demonstrated. The 


LDyw at different age levels for rats has been determined and is reported. The in- 

fluence of factors such as methods and frequency of administration, solvent, nature 

of anesthetic, and castration on sex difference in resistance to ouabain have been 
intensively studied and the results of these investigations are also reported. 


ib THEIR extensive studies on the albino rat, 

Hatcher and Eggleston (1), Hatcher (2), and 
Heubner and Nyary (3) administered ouabain ap- 
parently without considering sex as a possible 
source of variation. However, inasmuch as 
Heubner and Nyary employed urethane anes- 
thesia, sex difference to ouabain probably would 
not have been significant, since the anesthetic 
used has been found to be an important factor 
(4). The first report on higher female resistance 
to ouabain in the albino rat was made by Holck 
and Smith (5). The purposes of the present in- 
vestigation are: (a) to confirm the presence of 
sex difference in resistance to ouabain in the al- 
bino rat, (b) to determine the average lethal dose 
(LDg) at different age levels, and (c) to study 
the influence of certain additional factors, such 
as methods and frequency of administration, 
solvent, various anesthetics, and castration, on 
sex difference in resistance to ouabain. 


EXPERIMENTAL 


Part I: The Effect of Age and Sex on the Average 

Lethal Dose of Ouabain in the Albino Rat 

The rats were bred from Wistar stock in our ani- 
mal quarters and were kept on a diet of Purina Dog 
Chow and water ad lib. The room temperature 
was approximately 25°. Before each experiment 
the rats were fasted overnight. Fresh solutions of 
ouabain in 0.9% sodium chloride solution were pre- 
pared for each experiment, and each rat received a 
single subcutaneous injection in the abdominal area. 


* Received December 5, 1950, from the Department of 
hy and Pharmacology, College of Pharmacy, Uni- 
versity of Nebraska, Lincoln. 

Abstracted in in Federation Proc., 3, 75(1944). The 
major portions of this article are from the Master's thesis of 
K. K. Kimura. 

+ This project was aided by a t to the Department of 
Physiology and Pharmacology, College of Pharmacy, Uni- 
versity of Nebraska, from the Committee on Therapeutic 
Research, Council on Pharmacy and Chemistry, American 
Medical Association. 

t The ouabain used in all experiments, except those re- 
ported in Tables II, IV, and V, inclusive, was kindly sup- 
plied by S. B. Penick and Co. We are indebted to Eli Lill 
and Co. for the pentobarbital used. We also wish to than 
R. I. Isaksen, E. Kimura, B. W. McCashiand, T. S. Miya, 
Cc. C. Riedesel, C. A. Stone, L. S. Wu, and Patricia Lear for 
aid in conducting the tests. 

Present address: St. Louis University School of Medi- 
cine, 1402 South Grand Bivd., St. Louis 4, Mo. 


A total of 464 females and 446 males were studied 
at four age levels, as presented in Table I. As far 
as possible, litter mates were distributed evenly 
among the various dosage groups within each sex 
and age group. Of the 243 rats in the eight- to 
eleven-month-old group, 128 were eight to nine 
months old and 115 were ten to eleven months old. 
Data recorded were identification, age, weight, sex, 
dose, time of injection, fate, and all necessary com- 
ments for each rat. 

Our results indicated that the greatest sex differ- 
ence to ouabain falls in the two-month-old group, in 
case of which the (LD) was 60% higher for the 
females than the males, though about the same vari- 
ation was noted in case of the four-month-old rats 
(58% difference). However, in an earlier set of 
experiments in which data from several days of ex- 
perimentation were combined, the difference was 
much greater in case of the four-month-old groups 
than that for the two-month-old groups, namely 
about 100% vs. about 25%. In the case of the 216 
four-month-old rats the LDyw’s were 133 vs. 66, and 
in the case of the 212 two-month-old rats they were 
137 vs. 110 mg./Kg. for the females and males, re- 
spectively. In the case of the eleven-month-old 
rats, the females required only 30% more ouabain 
than the males for the LDw». Further analysis indi- 
cated that the eight- to nine-month-old rats and 
the ten- to eleven-month-old rats exhibited the same 
degree of sex variation to ouabain. In the case of 
the one-month-old rats the difference in the LDw’s 
was not significant. 


Part II: Effects of Varying the Method of Ad- 
ministration, the Dosage Calculation, and the 
Solvent 
Having established that sex difference in resist- 

ance to ouabain existed in the albino rat, a series of 

experiments were conducted to investigate some of 
the factors which may influence the dosage or the 
sex difference, or help explain the latter. 

The purposes of the first experiment were to ascer- 
tain whether an economical quantitative method 
could be developed in which small doses of ouabain 
could be injected at five-minute intervals to cause 
death after a suitable number of doses, and to com- 
pare results of subcutaneous with intraperitoneal 
injections of the drug. The results are presented 
in Table II. They indicated that the multiple in- 
jection technique was practical; in the case of the 
subcutaneous injections ten sites of injection were 
used in rotation. Although the average lethal dose 
was 24% higher for the subcutaneous than for the 
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TABLE I[.—SUMMARY OF EXPERIMENTS ON SEX DIFFERENCE TO OUABAIN IN THE ALBINO RAT AT VARIOUS 
Ace LEvELs* 





=—— 











Age in Months® 
Sex 
Total No. of rats 118 
Dose range in mg./ 
Kg. 50-176 50-176 66 
LDwg in mg./Kg. + 
S. E. 93 .7 115.5 = 
' 3.9 
Ratio of LDy’s (F 
M) +S.E 
Duration of tests in 
days 2 


0.93 = f j 1 60 


e Each rat was given a single subcutaneous injection of ouabain (1% ‘in isotonic sodium chloride | solution). 
of the animals used as calculated by the method of Karber (6). 
two months = 1.8 to 2.3 months; 


creases were 15 The L Dw represents the dose lethal to 50% 
6 One month represents a range of 0.9 to 1.1 months; 
months 


this difference was 
t factor was 


intraperitoneal administration, 
not statistically significant since the 
only 1.7 

With only five-minute intervals, two experimen- 
ters can handle relatively few rats in any one test. 
Therefore, in a second experiment, ten-minute inter- 
vals between injections were compared with five- 
minute intervals, to ascertain if sex variation could 
be demonstrated equally well with the longer inter- 
val between administrations. Holck and Fink (7) 
had previously observed that rats which were given 
a small dose of pentobarbital sodium every ninety 
minutes developed such tolerance that they contin- 
ued to destroy such small doses every ninety minutes 
over a number of days. Holck and Duis (8) also 
had noted that when albino or hooded rats were 
given very small doses of ouabain at five-minute 


TaBLe I1.—CoMPARISON OF SUBCUTANEOUS 
_INTRAPERITONEAL . INJECTIONS OF or Ou ABAIN® 


AND 


Av. No 
Route of f 
Administration 
Intraperitoneal 
Subcutaneous 


Standard 
Error 
+.9 
4.9 


ot 
Mg./Kg 
18.2 
59.8 


* Six four-month-old male albino rats in each group wer 
given ouabain as 1.2% solution in distilled water. Each rat 
was given 7.2 mg/Kg. of ouabain every five minutes until 
death 


rasBie iil 


Initial Av. No. 
Dose No. of 
Mg./Kg Males 


of 
Mg./Kg. 
Five-Minute Intervals 


5.10 12 95 
14 


Ten-Minut« 


200 
259 
193 
214 
153 
160 
121 


—-———_-Two——_—_-~ 
F 

116 

1-176 37. 


72.0 = 





-—-—Eight-Eleven—— 
M F M F M 
108 108 99 99 
8-133 66.1-202 43.5-133 66.1-153 50-115.7 
132.9 + 87.0 = 107.0 = 82.5 = 
3.5 5.3 3.8 3.5 2 3 


0.09 1.53 = 0.09 1.30 = 0.04 
l 2 


” ‘The dose in- 


and four months = 4.0 to 4.8 


intervals the females developed tolerance to such a 
degree that a large number of injections were needed 
to cause death. When animals developed such toler- 
ance, abnormal amounts of liquid sometimes had 
to be injected during the course of an extended ad- 
ministration. With ouabain, extra-cardiac actions 
may then complicate the interpretations. To cir- 
cumvent these complications, the technique of in- 
creasing each successive dose of ouabain by 4.5% 
was adopted in this experiment, a method previ- 
ously employed by Holck and Mathieson (9). A 
summary of the results of this experiment is pre- 
sented in Table III. 

The results indicated that the sex variation may 
be demonstrated by employing either the five- or 
ten-minute interval between doses, provided the 
initial dose was properly chosen. If the initial dose 
was too small, as seen in the first of the ten-minute 
interval trials, apparently both sexes developed 
tolerance; thus, when tolerance to ouabain had de- 
veloped, the male rats were just as resistant as the 
females, at least as far as the fatal dose was con- 
cerned. However, in case of the males in which 
tolerance was induced, early signs of poisoning, such 
as trémors, salivation, and mild convulsions, ap- 
peared in about an hour and twenty minutes, or long 
before the final injection; on the other hand, the 
females showed such symptoms mainly after several 
hours, close to the time of death. In either sex, the 


SUBCUTANEOUS [NJeCTIONS OF OUABAIN AT FIVE- AND AT TEN-MINUTE INTERVALS, STARTING 
with VARIOUS INITIAL 


Doses* 


No. of 
Females 


oO 
Mg./Kg. 
12 276 
14 207 
Intervals 
12 229 
30° 246 
250 
255 
224 
251 


208 


pat pt fd pm es 
wribo 


to orto 





* Groups of four- 
solution 


to four and one-half-month-old albino rats were injected with 1% ouabain in isotonic sodium chloride 
Within each group the initial dose was increased by 4.5% 


every five or ten minutes, et se. and injections 


continued until death. Sample A was Penick Ouabain, 4910 RLA, end sample B was Penick Ouabain, U. S 


+ Two tests combined 














July, 1951 


rats usually died showing marked salivation and 
marked clonic convulsions. The results also showed 
that no consistent difference in fatal dosage existed 
between samples A and B of ouabain, as judged by 
comparing the fatal doses for each sex separately 
when starting with the same initial dose. 

In our third and fourth sets of experiments the in- 
fluence of solvent upon the potency of ouabain was 
studied. Subcutaneous administration was em- 
ployed in the first phase of this work, in which oua- 
bain was dissolved in either triple distilled water or 
in 0.9% sodium chloride solution. The results are 
shown in Table IV. 


TaBLe IV.—Errsct or SOLVENT ON ACUTE Mor 

TALITY IN Four- TO Frve-MontTH-OL_p ALBINO 

Rats WHEN OUABAIN IS ADMINISTERED SuBcu- 
TANEOUSLY* 








Sodium 
Chloride, 
0.9% 

Solution Sex 
7/18 Males 
8/18 Males 
8/11 Males 

12/21 Females 
14/17 Females 


Distilled 
Water 
0/15 
0/15 
2/11 
2/13 
1/13 





® The results represent a combination of data from three 
~~ anaes carried out at approximately six-month inter- 
s. 


The data clearly showed that in either sex the 
fatalities were very much higher, dose for dose, when 
ouabain was dissolved in the saline solution than in 
distilled water. This was similar to what occurs 
with insulin, in that Trevan and Boock (10), who 
dissolved the insulin in isotonic sodium chloride 
solution, reported a much smaller convulsant dose in 
mice than Marks (11), who employed distilled water 
as his solvent. 

In the second phase of the study, distilled water, 
isotonic sodium chloride solution, and Locke-Ringer 
solution were compared as solvents for ouabain 
given by the intraperitoneal route. The results 
are presented in Table V. 


Taste V.—Errect oF Various SOLVENTS ON 


OvaBaln Toxicity* 








Av. No. of 
Mg./Kg. 


122.8 


Standard 
Error 


11.2 


Solvent 
Distilled water 
0.9% Sodium chloride 
solution 
Locke-Ringer solution 


150.5 10.0 
103.6 8.9 





* Female albino rats, nine to twelve months old in groups 
of 10, were given 6.6 mg./Kg. of ouabain (1% solution) intra 
peritoneally every five minutes until death. These rats 
were survivors from low doses of ouabain administered one 
month previously. 


The difference between the number of injections 
with normal! saline solution and the Locke-Ringer 
solution was highly significant in that the ¢ factor 
was 3.6. Thus, the additional ions in the latter 
solvent, especially the calcium ions, apparently in- 
creased the toxicity of ouabain. This was similar 
to the results obtained by Gold and Edwards (12), 
who reported that there was a marked synergism 
between calcium and ouabain on the heart. On the 
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other hand, although there was tendency for ouabain 
to be more toxic in distilled water than in isotonic 
sodium chloride solution, the difference was prob- 
ably not significant (¢ = 1.82). The difference be- 
tween results with Locke-Ringer solution and dis- 
tilled water as solvents was not significant (¢ = 1.3). 

The ratio of heart weight to body weight gradually 
decreases as rats increase in size (13). Hence, the 
sex difference to ouabain might largely be due to the 
fact that adult females, on an average much lighter 
than adult males, would receive less ouabain per 
Gm. of heart when the dosage is computed on the 
basis of body weight. If this explanation were 
valid, smaller rats of the same age and sex should 
require a larger fatal dose, and males and females 
of the same weight should require the same average 
dose when calculated on the basis of body weight. 
To investigate this possibility, the 12 heaviest fe- 
males and the 12 lightest males were selected from a 
large group of four-month-old rats. The light males 
and the heavy females were nearly of the same 
weight. Similar sized groups of the heaviest males 
and the lightest females are included for the sake 
of comparison. The results on the comparative 
resistance of these groups are summarized in Table 
VI. 


Taste VI.—INFLUENCE oF Bopy WEIGHT ON RE 
SISTANCE TO OUABAIN* 








Range 
of No. 
Av. No. of 


Injec- 
Mg./Kg. S. E. tions 
71.9 12.3 5-28 
71.3 10.6 6-25 
109.6 12.5 8-27 
139.3 13.0 12-34 
~ @ Quabain, 6.6 mg./Kg., was administered as a 1.2% solu- 
tion in distilled water intraperitoneally at five-minute inter- 
vals to four-month-old albino rats until death. Eleven rats 
were used in the heavy female group; 
12 rats each. 


Av. Wt. 
Wt, Range, 
Gm Gm. 
214 205-227 
154 142-170 
151 142-167 
F 114 108-121 





all other groups had 


The results showed that the average lethal doses 
for heavy and light male rats, differing almost 40% 
in their average weights, were practically identical. 
Though the difference between the LDw’s of heavy 
and light females, differing about 32% in their aver- 
age body weights, was 27%, this difference was not 
statistically significant (¢ = 1.65). On the other 
hand, a comparison of the results with males and 
females of almost equal weight showed a difference — 
which was significant (¢ = 2.34). A comparison of 
the results with heavy males and light females in- 
dicated the existence of a significant sex difference © 
to ouabain (¢ = 3.76). Thus, results obtained by ~ 
this technique indicated that variation to ouabain 
in the albino rat cannot be explained on the basis ~ 
of difference in body weight between the two sexes. © 

To study this problem further, a different method — 
of investigation was employed. In this case the 
dosage of ouabain was computed on the basis of 
heart weight instead of body weight. Heart weights 
were estimated from the body weights according 
to Table 145 in the memoir by Donaldson (13). 
The rats were anesthetized with pentobarbital 
sodium adjusted according to sex (14), so as to 
enable one person to conduct the entire experiment. 
The results are summarized in Table VII. 
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Tasie VII.—ADMINISTRATION OF OUABAIN ON THE 
Basis oF HEART WEIGHT* 





Av. No. of 
Mg. of 


Sex 
M 290 
F 172 


1,072 
714 


1,013 
611 


14.4+ 19 
42.6 = 6.0 





* Nineteen six- to seven-month-old albino rats (nine males 
and ten females) were given 1.6 mg. of ouabain in distilled 
water (1.2%) intraperitoneally per estimated Gm. of heart 
weight every five minutes until death. The males and fe- 
males were injected subcutaneously with 30 and 20 mg./Kg. 
of pentobarbital sodium, respectively, forty minutes prior to 
ouabain injections, 


The average estimated heart weight for the fe- 
males was about 17% greater than the actual weight, 
while it was only about 6% greater with the male 
rats. Thus, the males received less ouabain per 
Gm. of heart than the females. Nevertheless, the 
males died with approximately one-third of the dose 
that was fatal to the females. A comparison of the 
average fatal doses per Gm. of heart weight gave a ¢ 
factor of 4.47, indicating a significant difference. 
The ¢ factor would have been even greater had the 
heart weights been estimated more accurately. The 
results thus confirmed the conclusion drawn from 
the previous experiment, namely, that relative pro- 
portion of the heart to body weight did not explain 
the sex difference to ouabain. 


Part III: Effects of Choice of Anesthetic and of 

Castration 

In further tests to elucidate the mechanism of 
action and the factors involved in the sex difference 
to ouabain, the effects of castration of both sexes 
were investigated. This was in part due to the fact 
that Holck, ef al. (14), reported that castration of 
the male rat lengthened the response to certain 
short-acting barbiturates to which the males were 
more resistant. In the first of the present experi- 
ments, castration of both sexes was carried out 
about two and one-half months prior to ouabain 
medication. The results are presented in Table 
VIII. 

These results indicated that castration of either 
sex did not significantly alter the response to oua- 
bain. Whether spaying had any influence upon the 
relation of dosage to body weight was not ascer- 
tained. In previous studies by others (15-18) on 
this problem, employing rats spayed at twenty-four 
to twenty-six days, rather than at two months, the 
age employed in our rats, complex results were re- 
ported. Apparently, at the age of seventy days, 
the relation in spayed and control rats was the same; 
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at three months, the ratio of heart weight to body 
weight was increased; at six months it showed no 
significant difference; and at about twelve months, 
the ratio was decreased in the spayed rats as com- 
pared with the controls. However, in view of the 
results of our experiments upon the relation of heart 
weight to body weight and of the age of our rats 
(four and one-half to six months), it seems unlikely 
that the increased body weight after spaying was a 
major factor. The difference between the normal 
females and males was significant, as indicated by a 
t value of 3.8. The difference between normal fe- 
males and castrated males (¢ = 2.5), and between 
normal males and spayed females (¢ = 2.7) likewise 
were significant. On the other hand, the difference 
between castrated males and spayed females was 
not significant (¢ = 1.6). Also, castration of the 
males did not significantly increase the resistance 
(¢ = 1.15). 

In the hope of securing more uniform results by 
administering ouabain more directly to the heart, 
intravenous administration via a blunted 1-in. 19- 
gauge hypodermic needle inserted and tied into the 
exposed right external jugular vein was tried. To 
avoid undue coagulation of blood in the injection 
needle, injections were made every three minutes. 
In view of the absence of reports of sex difference 
(see introduction) to ouabain in the rat when ure- 
thane was employed as the anesthetic, this drug 
was used to induce general anesthesia. The rats of 
both sexes were castrated under ether anesthesia 
two months prior to ouabain medication; in all 
cases the control rats were subjected to a similar 
operative technique, with the exception that the 
sex organs were left intact. This experiment was 
completed in seventeen days and the rats were 
properly randomized by the use of Latin squares. 
The solvent was isotonic sodium chloride solution, 
rather than distilled water. The results are sum- 
marized in Table LX. 

These results showed that the variation in the 
number of injections required to kill the rats was 
again very great, as shown in the “Range of No. of 
Injections” column; consequently, the standard 
errors were very large. Simple inspection indicated 
that castration had no influence upon the fatal dose 
in either sex, similar to the finding in the previous 
experiment. It was also shown that with urethane 
anesthesia no sex difference between normal females 
and males was present (¢ = 1.38). The absence of 
such difference may explain why Heubner and 
Nyary (3), who also employed urethane anesthesia, 
did not observe any sex difference to digitalis or 
similarly acting substances. 

Having ascertained that urethane, which induced 
satisfactory anesthesia without undue respiratory 


TasL_e VIII.—Errects or CASTRATION ON THE RESPONSE OF THE ALBINO RaT TO OUABAIN® 








Group Sex 
Normal M 
Castrated M 
Normal F 
Spayed F 


241 
231 
147 
198 


Av. Wt., Gm, 


Av. No. of 

Mg./Kg. 
89.1 
124.7 
200.0 
175.6 





* The rats were four and one-half months old and were injected with 6.6 mg./Kg. of ouabain (1% solution) every five min- 


utes, intraperitoneally, until death occurred. 
solution. 


Each group consisted of ten rats. 


The solvent was isotonic sodium chloride 
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Tasie IX.—Errects oF URETHANE ANESTHESIA AND OF CASTRATION ON THE RESPONSE OF THE ALBINO 
RaT TO OUABAIN* 








Av. No. of 


Group Sex Av. Wt., Gm, Mg./Kg. S. BE. Injections 
Normal M 266 32.5 6.8 3-29 
Castrated M 233 39.5 6.4 4-23 
Normal F 169 47.3 8.8 5-39 
Spayed F 213 41.8 2.8 11-21 









* The rats were five to six months old, and injected intravenously with 2.5 mg./Kg. of ouabain every three minutes, usin 


0.5% solution in isotonic sodium chloride solution. Urethane, 1 Gm./Kg., was given intraperitoneally (25% solution). Eac 


group consisted of ten rats. 


depression, was not suitable for studies on sex dif- 
ference to ouabain, pentobarbital sodium was tried 
again. Since sex difference in resistance to pento- 
bartital existed in the rat, pharmacologically equiva- 
lent doses were administered, namely 35 mg./Kg 
for the males and 22-25 mg./Kg. for the females, 
using the intraperitoneal route of administration. 
Castration again was carried out two months before 
the main experiment, and isotonic sodium chloride 
solution used as the solvent. The intravenous 
technique also was the same and total tests were 
concluded within three weeks. The results are 
given in Table X. 

With pentobarbital anesthesia the results differed 
in several important aspects. In agreement with 
the findings in unanesthetized rats, higher female 
resistance to ouabain was plainly evident (¢ = 3.6). 
Although the number of injections required for the 
normal males was less than for the castrates, the 
difference was not statistically significant (¢ = 1.5). 
As seen by simple inspection, the results with cas- 
trated males and with spayed females were practi- 
cally identical. A wide range in the number of in- 
jections again was seen. It seems of interest to note 
that in rats receiving ouabain at three-minute inter- 
vals, especially after tolerance was built up, the 
heart beats became very irregular for one and one- 
half to two minutes after each injection, as ascer- 
tained with the stethoscope, but recovered before 
the next injection. Looking at the results of the 
several castration experiments, it should be empha- 
sized that in the normal rats and in the pentobarbi- 
talized rats, in which the usual higher female re- 
sistance to ouabain was shown, no significant sex 
difference was present after castration of both sexes. 


DISCUSSION 


We have shown that a markedly higher resistance 
to ouabain was present in the adult female as com- 
pared with the adult male albino rat. This dif- 
ference, as seen by a much higher average fatal dose, 
was absent in the very young rats, but was demon- 
strated in animals as young as two months and per- 
sisted at least to the age of eleven months, which was 
the maximum age of rats in our studies. The sex 
difference may also be observed by injecting a small 
dose of ouabain subcutaneously or intraperitoneally 
at five- or ten-minute intervals; however, the con- 
ditions must be carefully controlled. If the initial 
dose were too small, or if the time interval between 
injections were too long, male rats developed toler- 
ance to such an extent that the average fatal doses 
for the two sexes tended to become equal. The 
abolition of sex difference. once tolerance has been 








induced, supported, in principle, the results which 
Holck and Mathieson (9) obtained with pentobarbi- 
tal. 

Another factor which may greatly influence the 
action of ouabain was the solvent. Ouabain, when 
administered subcutaneously, was apparently ab- 
sorbed much more rapidly from a saline solution 
than from distilled water, as indicated by a much 
lower fatal dose. This was not clearly shown when 
the intraperitoneal method of administration was 
employed. However, in the latter case, the po- 
tency of ouabain in Locke-Ringer solution was 
markedly greater than in isotonic sodium chloride 
solution. Inasmuch as no experimentation was 
carried out on isotonic sodium chloride solution 
with Ca** and K* added separately, neither their 
relative influence on the ouabain potency, nor the 
influence of varying their proportions have been as- 
certained. Calcium ions alone have repeatedly 
been reported to be synergistic with ouabain (12). 
QOuabain dissolved in Locke-Ringer solution was not 
significantly more potent than ouabain dissolved 
in distilled water; we have no explanation for this 
difference. 

Inasmuch as the heart weight in proportion to 
body weight was greater in the females, which were 
smaller than the males, ouabain effectiveness was 
compared in female and male rats of the same size 
and in the two sexes by administering ouabain ac- 
cording to estimated heart weight. In either case, 
marked sex difference was shown. One explanation 
for this may be that the female heart per se was more 
resistant to ouabain than that of the male. It was 
of great interest here that Wollenberger and Karsh 
(19) have just reported that when the adult, isolated, 
female rat heart was studied by the closed perfusion 
method, using a Langendorff preparation, it re- 
quired 50% more ouabain to stop it than to arrest 
the isolated heart of the male rat. Such variation 
was absent in hearts from three-week-old rats. 

It is also possible that a part of the mechanism of 
, the sex variation was due to a more rapid excretion 
of ouabain in the bile by the female rat. Farah has 
reported that the main route of elimination of oua- 
bain in the rat was by the hepatic route (20). 

The effects of castration of both sexes was studied 
by administering ouabain intravenously every three 
minutes under pentobarbital and under urethane 
anesthesia, as well as by the intraperitoneal route 
every five minutes in unanesthetized animals. 
Neither when using normal rats nor those anesthe- 
tized with urethane, did castration significantly 
alter the ouabain fatal dose. In fact, under ure- 
thane anesthesia it was impossible to demonstrate a 
significant sex difference between noncastrated 
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TABLe X. 


“Range of 
No. of 

Injections 
6-13 
5-43 


Av. No. of 

Mg./Kg. 
21.0 
32.8 


Wt., 
242 


Group Gm, 


Normal 


Castrated 
Normal 
Spayed 


161 


244 


207 


11-74 


6-27 


‘ 
83.0 16 
31.5 4 


asians? 


* The rats were ‘injected intravenously with : 2.5 mg./Kg. of ouabain every y three minutes, using 0.5°% solution in isotonic 


sodium chloride solution 


males and females. However, in case of pentobar- 
bitalized rats the usual higher female resistance was 
plainly seen and spaying definitely decreased the 
number of injections required to cause death. In 
no case was there a significant difference in fatal 
dosage in the two castrate groups. 

Our results with the various multiple-dose admin- 
istrations indicate one further thing, namely that 
the rat seemed eutirely unsuited as a test animal in 
the bioassay of ouabain. The results in one case 
where two samples were compared were not con- 
sistent; one cannot be certain of the extent to 
which the convulsant action became a factor in the 
toxicity of cuabain upon the heart. This action 
was especially likely to occur if one administered a 
number of small doses, whereas with a single large 
dose the rat died from cardiac failure without con- 
vulsions as reported by Gold, e¢ al. (21). Another 
serious difficulty was the fact that the range in doses 
necessary to kill a rat was generally very wide by 
this method of repeated administrations, so that 
often the standard error with 12 rats became 15 to 
20% of the average. 


SUMMARY 


1. Sex difference to ouabain in the albino 
rat was absent at the age of one month, marked at 
the two- and four-months age levels, and on the 
decline at the age of eight to eleven months, as 
judged by the average lethal doses (LDy’s) in the 
two sexes. 

2. Sex difference could also be demonstrated 
by injecting a small dose every five or ten min- 
utes, provided the initial dose was properly 
chosen. If it were too small, tolerance devel- 
oped in both sexes and no sex variation was 
found. 

3. With the subcutaneous method of adminis- 


tration ouabain was more toxic when dissolved | 


in isotonic sodium chloride solution than in dis- 
tilled water. When administered intraperiton- 
eally, ouabain was more potent in Locke-Ringer 
solution than in isotonic sodium chloride solution, 
but not in distilled water. 

4. When ouabain was administered by the 
multiple-dose method to male and female rats of 
the same age and size, to rule out the possible 
effect of the proportionally larger female heart, 
sex difference still was plainly evident. When 
ouabain was administered by vein in dosages 


Each group consisted of ten six- to seven-month-old rats 


based upon estimated heart weight under pento- 
barbital anesthesia, sex difference still was ob- 
tained. 

5. Castration of either sex did not signifi- 
cantly alter the fatal dose of ouabain when ad- 
ministered intraperitoneally every five minutes 
to unanesthetized rats or intravenously every 
three minutes to rats under urethane anesthesia. 
However, under pentobarbital anesthesia, spaying 
significantly decreased the fatal dose of ouabain 
when the latter was given by vein every three 
minutes. In no case was there a significant dif- 
ference between castrated males and spayed 
females. Also, with urethane anesthesia, there 
was no significant sex difference in the response 
to ouabain in the noncastrated rats. 

6. Because of the ease with which some of 
the rats, especially the females, develop toler- 
ance, there is great variation in the number of 
doses required to kill rats in a group. This 
fact, together with the complication of the marked 
central convulsant action of ouabain, makes the 
rat unsuitable for the bioassay of ouabain. 
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Some Pharmacologic Actions of 53 Derivatives of 
Thiazole with Substituents in the 2- and 4-Positions* 


By BRADFORD N. CRAVER, WALTER BARRETT, ANNE CAMERON, 
and JEAN FEICKERTT 


In this paper the general pharmacological actions of a series of 53 substituted thia- 


zoles have been summarized in tables. 


The substituents were either in the 2- or the 


4-position, or in both. No substituents were found that would entirely inhibit the 


inherent toxic effect of the thiazole nucleus. 


Some members of the series possessed 


moderate antihistaminic action from which generalizations between structure and this 


activity could be inferred. 


These generalizations confirmed principles in connec- 


tion with other series of antihistaminic compounds commonly recognized as valid. 


TT chemical preparation of the 53 thiazole de- 

rivatives discussed in the present paper have 
already been reported (1). Most of the deriva- 
tives have substituents in both the 2- and 4- 
positions, but a minority of the group have sub- 
stituents in only one of these two positions. This 
report describes the results of the pharmacological 
screcning of these compounds for activity of 
potential therapeutic interest. 


EXPERIMENTAL 


Methods.—aAll of the methods employed in this 
study have been previously described (2). 

Results.—-The results have been summarized in 
Tables I to IV. 

Discussion.—A considerable number of deriva- 
tives of thiazole have been studied physiologically 
since the initial synthesis of this heterocyclic nucleus 
over seventy years ago (3). Johnson and his associ- 
ates synthesized a large group of thiazole derivatives 
with some structurally related to the sympathomi- 
metic amines, whose activities many of their com- 
pounds were found to resemble (4). Many of their 
derivatives also exhibited a local anesthetic action. 
More recently other derivatives of this heterocyclic 
nucleus have been shown to possess analgesic 
activity (5, 6), spasmolytic and analeptic properties 
(7), histaminic action (8), and, finally, at least two 
have been studied for a specific goitrogenic activity 
(9). The last activity was originally reported by 
French workers (10-12). This led to the clinical 
trial of 2-aminothiazole in thyrotoxicosis. The 
side effects of therapy, however, were serious, and 
in seven of the 129 patients studied by Perrault and 
Bovet, required withdrawal of the drug. None of 
the members possessing other actions have found a 
permanent place in therapy, save the thiazole de- 
rivative of sulfanilamide. Certain sulfur deriva- 
tives of thiazole have also been shown to exhibit 
antibacterial action, which led Gibbs and Robinson 
(13) to attribute it to competition with aneurine 
because of the thiazole group in vitamin B,. They 
showed, however, that the added vitamin failed to 
influence their bacteriological activity. The failure 


* Received October 13, 1950, from the Research Depart- 
ment, Division of Macrobiology, Ciba Pharmaceutical Prod 
ucts, Inc., Summit, N.J 

t With the technical assistance of James Smith. 


of any of these derivatives to find a therapeutic ap- 
plication would suggest a toxic effect inseparable 
from the thiazole group. 

A survey of the series of thiazoles described in this 
paper supports this impression that the thiazole 
nucleus exerts a toxic action that a wide variety of 
substituents cannot entirely suppress. The results 
afford no discerned clue as to the focus of this action. 
The hypotensive action of many of the compounds 
in the anesthetized dog was roughly correlative 
with the inhibitory action of the compounds on the 
isolated cat heart. 

Although none of the compounds exerted a sig- 
nificant antihistaminic or anticholinergic activity, 
the variation in this action with structure within 
the series would appear to permit certain generaliza- 
tions in confirmation of those already accepted con- 
cerning antihistaminic activity: (@) The compounds 
with antihistaminic activity also exhibited some 
degree of anticholinergic activity. This would ap- 
pear to be additional indirect evidence for the close 
physiological connection between histamine and 
acetylcholine, a connection still obscure. (b) Anti- 
histaminic activity was extremely weak or absent 
in those compounds with no substituents in the 2- 
position (Su-361, Su-362, Su-366, Su-385, Su-403, 
and Su-494). (c) A chlorine atom in the para- 
position of the phenyl ring enhanced the anti- 
histaminic action (Su-739 > Su-682; Su-738 > Su- 
665). A chlorine atom in the mieta-position ap 
peared ineffective (cf. Su-674 and Su-661 with Su-675 
and Su-682, respectively). This confirms the find- 
ings of Vaughan and his associates (14). (d) An 
alkyl substituent in the ortho-position of the phenyl! 
ring appeared also to have enhanced cither the anti- 
histaminic action (Su-668 > Su-665) or the anti- 
cholinergic action (Su-678 > Su-675), or both 
(Su-683 > Su-682). (e¢) Many of the series ex 
hibited a significant oxytocic activity in vitro 
In vivo, they were less effective as oxytocics, and the 
doses required to stimulate the uterus often induced 
untoward changes in the blood pressure and respira- 
tion. 


SUMMARY 


The general pharmacological actions of a series 
of 53 thiazoles substituted in the 2- or 4-position 
or in both positions have been summarized in 
charts. The thiazole nucleus would appear to 
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Explanation of Tables 


(a) The changes under respiration designate over-all effects on the respiratory volume. When the 
change was marked, alterations in the rate and depth were usually seen, but no attempt was made to ascribe 
the change primarily to an alteration in just one of those variables. 

(1) These columns summarize the action of the drug on the spontaneous activity of the indicated 
tissue. 

(2) This column summarizes the inhibitory effect, if any, exerted toward the spasmogenic action of 
0.6 ug./cc. of histamine dihydrochloride. The drug was added to the bath one minute prior to the addition 
of the test dose of histamine. 

(3) The results in this column are analogous to those described under (2), except the dose of acetyl- 
choline hydrobromide was 0.2 yug./cc. 

(4) In all experiments with the isolated heart, the rate was noted and the coronary flow continually 
measured. The changes noted refer to changes in the amplitude of the kymographically recorded myo- 
cardial*contractions. No alterations in the rate and coronary flow occurred unless they have been specifi- 
cally noted. The dose represents the total dose in ug. injected directly into the cannula. 

(5) In these experiments the ileum and uterus of the cat were employed unless the designation G. P. 
is present. In the latter case the duodenum was used in place of the ileum. 


Summary of Table Abbreviations 


= <95% inhibition of response. 
>95% inhibition of response. The various forms of “I’’ have analogous definitions, but 
connote inhibition or hypotension in respect to blood pressure. 
Slight stimulation (in respect to blood pressure, a pressor response of less than 10 mm.). 
Moderate stimulation (in respect to blood pressure, a pressor response of 10 to 20 mm.). 
Stimulation (in respect to blood pressure, a pressor response of 20 to 40 mm.). 
Marked stimulation (in respect to blood pressure, a pressor response greater than 40 mm.). 
Persistent. 
Partially persistent. 
No effect. 
An effect of questionable significance. 
r “Epi.+” indicates that the control dose of epinephrine given after the drug elicited, re- 
spectively, a lessened or greater than normal response. 
Blood pressure 
Thiry-Vella. 
Pulse pressure 
Guinea pig. 
Respiration. 
Decreased. 
Increased. 
Variable. 
Central Nervous System. 
Intraperitoneal. 
Intravenous. 
Cardiac irregularities. 
Diminished. 


oouooud 


ture with this activity. These confirmed the 
generalizations concerning antihistaminic action 


exert a toxic effect that a wide variety of sub- 
stituents did not entirely suppress. The moder- 


ate antihistaminic activity of some members of 
the series led to generalizations relating struc- 


that have already been acknowledged as valid 
for other series of compounds. 
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Investigations of Di(acetylhydroxypheny]l)isatin. 
I. Quantitative Excretion in Rats* 


By R. G. SANDERS, H. M. BAUM, and G. J. STRAUB 


Graded doses of pont ay oy a8 
isatin are completely recovered in the feces 
of the rat within seventy-two hours. Nojin- 
testinal damage is observable using tests for 
occult fecal blood as a criterion. Intraperi- 
toneal injections of the subject material in 
mice are not absorbed, remaining in the peri- 
toneal cavity as inert foreign ies. Ani- 
mals receiving excessive doses exhibit diar- 
rhea and some hyperirritability. 


T= DIPHENYL ISATINS are synthetic materials 

which were chemically investigated by 
Baeyer and Lazarus in 1885 (1). Some time 
later, Guggenheim (2) synthetically prepared di- 
(acetylhydroxyphenyl)isatin (Isacen). He first 
tried this material on himself and found that it 
acted as an aperient and laxative without unto- 
ward effects. It was subsequently studied clini- 
cally by Katzenelbogen and Guder (3), by Ein- 
horn and Rafsky (4), and others. European 
workers, studying the effect of smaller doses of 
Isacen on dogs, reported only laxative properties 
and no toxic reaction. 

Hydroxy derivatives of anthraquinone occur 
in plants both as the glycoside and in the free 
state, and constitute the laxative principle of 
such widely used natural materials as cascara, 
rhubarb, senna, and aloes. Isacen is chemically 
similar to naturally occurring hydroxyanthra- 
quinone glycosides in that it contains the group 
(HO—C,H,)==C=, which has been ascribed as 
responsible for laxative activity by Kaufman (5) 
and Easson, et al. (6). 

It thus became of interest to study the effect 
of massive doses of di(acetylhydroxypheny]l)isatin 
as one phase of a basic investigation of its laxa- 
tive and cathartic properties. 


EXPERIMENTAL 


Twenty young female rats weighing between 70 
and 75 Gm. were placed in individual cages, divided 
into groups of four and fasted for twenty-four hours. 
Each animal of the group was respectively intubated 
with 1.0, 2.0, 4.0, 8.0, and 16.0 mg. of Isacen dis- 
persed in gum tragacanth. The animals were then 
given food ad libitum and observed for gross symp- 
toms. Severe diarrhea occurred within four hours 
in the groups receiving 4.0, 8.0, and 16.0 mg.; the 
groups receiving 1.0 and 2.0 mg. exhibited diarrhea 


* Received January 29, 1951, from the Biological Research 
Division, Harrower Laboratories, St. Louis, Mo 


within the first twenty-four hours. All stools of 
diarrheal nature were tested by classical benzidine 
methods for occult blood. None was found present 
Animals receiving 8.0- and 16.0-mg. doses exhibited 
hyperactive reflexes to noise and motion, which 
seemed to coincide with diarrhea. All animals ap- 
peared normal after seventy-two hours, and were 
subsequently raised to maturity. 

Metabolism Studies.—Six young female rats 
weighing approximately 115 Gm. were placed in 
metabolism cages and fasted for twenty-four hours 
Two animals were intubated with a blank disper- 
sion of tragacanth and water as controls; two 
others with 4.0 mg. each, and the remaining with 8.0 
mg. of Isacen. The feces were collected quantita- 
tively for seventy-two hours, dried, and extracted 
with chloroform in a Soxhlet. Extreme difficulty 
was encountered in the extraction, ninety-six hours 
being required. The chloroform extracts were then 
analyzed for Isacen by evaporating to dryness, 
diluting with alcohol, and treating with sodium hy- 
droxide and potassium ferricyanide solution. The 
red color produced behaves according to Beer's law 
and was read in a Coleman Spectrophotometer 
against a known standard solution. The results 
are summarized in Table I. 


TaBLe I 








Isatin 
Recovery, General 
% Observations 

Diarrhea 
Diarrhea 
Diarrhea 
Diarrhea 
Diarrhea 
None 
Diarrhea 


Occult 
Blood 
Neg. 
Neg. 
Neg. 
Neg. 
Neg. 
Neg. 
Neg 
Neg 


97-98 

97-98 

96-98 

8. 96-98 

16. >90° 
639° 0 0 

627 16. >90° 
6737 0 0 


* Control —blank 
> Part of material lost during final extraction 


Intraperitoneal Injections in Mice.—Four adult 
mice were injected intraperitoneally with 0.5 cc. of 
a tragacanth dispersion containing 4.0 mg. of Isacen 
The animals were sacrificed and autopsied after 
twenty-four hours. The material was dispersed in 
the peritoneal cavity of all the animals, and pre- 
sented a white amorphous appearance. There was 
no evidence of irritation to the peritoneum, even in 
areas where the Isacen was in direct contact with 
the membrane. The material behaved as an inert 
foreign body. 


DISCUSSION 


The effective clinical dose of di(acetylhydroxy- 
pheny]l)isatin has been reported as 5.0 mg. for a 70 
Kg. man. In our experiments the dose in the 16.0 
mg. intubation was equivalent to 132.0 mg./Kg 
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In all levels administered a definite laxative effect 
was observed. The twenty-four hour fasting of the 
animals was designed to produce a maximum laxa 
tive effect for a given dose. It is considered signifi- 
cant that the effect produced on the intestinal mu- 
cosa was not severe enough to demonstrate occult 
fecal blood in any instance. Of further interest is 
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the fact that di(acetylhydroxypheny])isatin is quan- 
titatively excreted within seventy-two hours in the 
feces, which is in marked contrast to the action of 
phenolphthalein, of which approximately 15% of 
ingested material is reported to be absorbed through 
the wall of the alimentary canal and excreted 
through the kidney (7, 8). 


SUMMARY AND CONCLUSIONS 


1. The complete recovery of doses up to 16.0 
mg. of di(acetylhydroxyphenyl)isatin has been 
demonstrated in the feces of rats. 


2. No adverse effects of the material, except 
a transitory hyperirritability of a minor nature 
accompanying the diarrhea, were noted. 


REFERENCES 


1) Baeyer, A., and Lazarus, M. S., Ber., 18, 2637(1885) (6) Easson, A. P. T., 
2) Guggenheim, M., Schweis. med. Wochschr., 55, 16 and Pyman, F. L., Quart. J 
1925) 1934) 
3) Katzenelbogen, S., and Guder, R., ibid., 55, 18(1925) (7) Soliman, T., “Manual of Pharmacology,” 
4) Einhorn, M., and Rafsky, H. A., 7. Am Med Asso B. Saunders Co., 7 1948, 177. 
86, 1754(1926) (8) Goodman, ° Gillman, A., “Pharmacological 
(5) Kaufman, Z., Basis of Therapeutics,” New York, 1941 


Harrison, J., McSwinney, B. A., 
Pharm. Pharmac .. 7, 509 


7th ed. W 


Angew. Chem., 40, 831(1937) Macmillan Co., 


A Procedure for the Isotopic Synthesis of Alpha- 
Amino Acids with Reference to Isoleucine” 


By GEORGE B. CERESIA, G. L. JENKINS, and ED. F. DEGERING 


A procedure for the synthesis of isotopic d/-isoleucine is described wherein a labeled 
carbon atom can be oe me as a methyl group in the 8-position of the chain. 
A study of four aliphatic alcohols (sec-butyl, n-amyl, iso-amyl, and »-octyl alcohols), 
to ascertain the influence of alkyl chains on each synthetic step, gave no significant 
results. The following new compounds were prepared: sec-butoxymethyl ethyl 
ketone, n-amyloxymethyl ethyl ketone, sec-butoxy-2-methyl-2-butanol, iso-amyloxy- 
2-methyl-2-butanol, n-amyloxy-2- a -2-butanol, and _  »-octyloxy-2-methyl-2- 
utanol. 


Mueller counter (1) without sacrifice or discom- 
fort to the animal. The possibility also exists 


Wi the greatly increased availability of 


isotopic carbon, particularly C™, since 


World War II in the form of barium carbonate, 
cyanide salt, and methyl iodide, its use as a means 
of medical detection and research, particularly in 
cancer, has also multiplied. Consequently, much 
thought and effort has been and is still being ex- 
pended on synthesis of compounds with a labeled 
carbon atom. 

The radioactive isotopic a-amino acids are very 
important in studies of the cause, growth, and 
malignant effects of cancer. From their beta 
rays, they can be detected, followed, and quanti- 
tatively determined as metabolites by the Geiger- 


* Received May 18, 1951, from the Research Laboratories, 
Purdue University, School of Pharmacy, Lafayette, Ind. 
t Indiana Elks Association Research Fellow, 1949-1950. 


that, like the curative power of radioactive iodine 
on cancer of the thyroid gland, radioactive carbon 
compounds may alleviate and perhaps cure cer- 
tain types of cancer. 

Therefore, the problem was to select and devise 
procedures which would not only insure a maxi- 
mum yield under semimicro conditions, but 
would also allow the unreacted isotopic element 
to be recovered quantitatively. Likewise, since 
the isotopic carbon may be incorporated any- 
where but in the metabolically labile carboxyl 
group, the ideal procedure is to add it in the last 
synthetic step; for isoleucine the 8-methyl would 
be best. Unfortunately, no such procedure was 
found or could be devised. 
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METHOD 


Although several methods of synthesis were in- 
vestigated, the following method gave the best 
yields: 
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by the nitrile, through the use of CuCN or HgCN 
in yields of 59-81%. 

Blaise (9) discovered that nitriles are converted 
through the action of alkylmagnesium halides into 
ketones, and this was followed by the conversion of 


ROCH,COC,H; + CH.Mgl > ROCH,C(CH;)OHC.Hs 


ROCH.C(CH,)OHC.H; + H+ — C;H,C(CH,)HCHO + ROH 


C,H,C(CH, HCHO + HCN — C.H,C(CH,)HC(OH)HCN 


/CO-—-NH 


CsH,C(CH;)HC(OH)HCN + (NH,):CO; — CH, C(CH,)HC 


NH—CO 


and then + Ba(OH), + H,O — C,H,C(CH,)HC(NH;)HCO;'/,Ba* 


In this instance the carrier for the isotopic carbon 
is methyl iodide, which is readily available and can 
be prepared in 80-90% yield from labeled barium 
carbonate (2, 3). 

Accordingly, for the purpose of studying the 
limitations of the reaction and the extent of the 
yields, the alkoxymethyl ethyl ketones were pre- 
pared in the following manner (4-6): 


ROH + CH,0 + HCl — ROCH,C! 
ROCH;C! + CuCN -+ ROCH,CN 
ROCH:CN + C;H;MgBr — ROCH;COC,H; 


In chloromethylation of the alcohol, trioxan was 
employed as the source of formaldehyde and gave a 
better yield than paraformaldehyde, although Far- 
ren, et al. (7), and Henze, et al. (6), reported yields 
as high as 70% with paraformaldehyde. If suffi- 
cient time is allowed so that the acetals formed are 
split and converted to alkoxy chloromethyl ethers, 
the yields are 85-91%. 

Four aliphatic alcohols—sec-butyl, »-amyl, iso- 
amyl, and n-octyl alcohol—were selected to show 
the influence of alkyl chains on the yield of each 
synthetic step. They were selected, also, to show 
the ease of proton-initiated rearrangement of the 
corresponding tertiary alcohols. The differences 
reported in Tables I, II, III, and IV were not 
sufficiently significant to draw any valid conclusions. 

The alkoxyacetonitrile was made after the manner 
of Gauthier (8), which is the replacement of the 
chlorine atom in the a-position of the chloro ethers 





Tas_e I.—CHLorRoMETHYL ETHERS, ROCH,C! 


Con- 
version, 
R % B. P., °C 
sec-Butyl 60 119 
n-Amyl 80 61/30 mm. 

Iso-amyl 76 154/75 mm 

n-Octyl 66 77-79/6 mm. 


1.4252 
1.425 
1.4363 


TaBie II.—ALKOXYACETONITRILES, ROCH,CN 


alkoxy nitriles into ketones by use of the Grignard 
reagent (10). Accordingly, the alkoxymethy] ethyl 
ketones were made by treating an equivalent of 
alkoxyacetonitrile with a 10% excess of ethyl- 
magnesium bromide, cooling, hydrolyzing, separat- 
ing, washing the ethereal solution with 5% sodium 
hydroxide and distilled water, and drying. Barnes 
and Budde (4) state that if the solution of Grignard 
and alkoxyacetonitrile are maintained at —50 to 
—40°, there is approximately a 15% increase in 
yield of ketone. This was tried and the yield of the 
iso-amyloxymethyl ethyl ketone rose from 46 to 
53%. Even this figure, however, does not measure 
up to the claims of Rigler and Henze (5), who 
obtain 82% by the same method. Their yields of 
alkoxy ketones are in the range of 71-84%, whereas 
yields shown in Table III agree more closely with 
those obtained by Price (11) and Barnes and Budde. 

The alkoxy tertiary alcohols are made by treating 
the corresponding ketone with a 10% excess of 
Grignard reagent—in this case methylmagnesium 
iodide. However, since the methyl Grignard coa- 
tains the labeled carbon atom, the reverse was done 
and the yield improved by cooling and adding an 
excess of ketone. The procedure for synthesis of the 
tertiary alcohols is the same as that for synthesizing 
the alkoxy ketones, with the exception that it is very 
important to wash the ethereal solution with 5% 
aqueous sodium hydroxide and distilled water. If 
this is not done, free iodine is liberated upon stand- 


III.—ALKOXYMETHYL ETHYL KETONES, 
ROCH,COCG.H; 


TABLE 








n*4;5 
1.4152 
1.4218 
1.4192 
1.4290 


RO— 
sec-Butyloxy 
n-Amyloxy 
Iso-amyloxy 
n-Octyloxy 


Vield, 
Q% a BR, S. 
52-53/7 mm. 
51.7 68-69/7 mm. 
53.0 196-197/752 mm. 
49.3 94-95/5.6 mm. 


46.9 





TasBie IV.—ALKoxy-2-Metnuyt-2-BuTANOL, 
ROCH,C(CH;)OHC,H; 





a P.. nif 
72-73/28 mm. 1.4066 
77/15 mm. 1.4149 
183-184/752 mm. 1.4140 
105-106/11 mm. 1.4283 


Roe” 
sec-Butoxy 
n-Amyloxy 
Iso-amyloxy 
n-Octyloxy 


90.0 
81.0 
80.9 





n?4; 5 
1.4200 
1.4260 
1.4195 
1.4346 


RO— 
sec-Butoxy 
n-Amyloxy 
Iso-amyloxy 
n-Octyloxy 


a P.. 
53.5/10 mm. 
72/8 mm. 
60/5.5 mm. 
104/5 mm. 
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ing and causes side reactions as well as partial 
rearrangement. 

The rearrangement of the alkoxy tertiary alcohol 
to the corresponding aldehyde closely parallels the 
pinacol-pinacolone shift involving a carbonium ion 
(12). The problem is, therefore, to obtain the best 
conditions and select the best type of acid as a proton 
donor. Barnes and Budde used 10% hydrochloric 
acid and anhydrous oxalic acid. They obtained the 
desired aldehydes in yields of 60-75%. Elphimoff 
used anhydrous formic acid to rearrange a-alkoxy 
tertiary alcohols of the type RCH(OR)C(OH)Me: 
to the corresponding aldehydes (13). Price used 
oxalic acid dihydrate and dilute mineral acids and 
obtained yields as high as 75%. As a result four 
acids (10% acetic, oxalic dihydrate, anhydrous 
oxalic, and a trace of hydriodic) were tried. An- 
hydrous oxalic acid proved the best and gave a yield 
of 69.3%. 

Gaudry (14) was able to improve the Strecker 
method (15) of synthesizing amino acids by using 
sodium cyanide and ammonium carbonate on the 
sodium bisulfite addition product of the aldehyde. 
Thus the yield was raised from 56 to 84%. 

The hydantoin should be continuously extracted 
with ethyl ether for one to two days before treatment 
with ammonium carbonate. Price found that less 
time was consumed if the cyanohydrin was formed 
directly from the aldehyde and hydrogen cyanide. 
The optimum yield (83%) of 5-(2-methylbutyl)- 
hydantoin was realized when 0.25 mole of 2-methyl- 
butanal, 0.26 mole of hydrogen cyanide, and 0.6 
mole of ammonium carbonate were used. 

The aldehyde was determined gravimetrically by 
reaction of an aliquot of impure aldehyde (less than 
0.01 mole) with 3 Gm. (0.011 mole) of 2,4-dinitro- 
phenylhydrazine in 150 ml. of 95% ethanol. 

Investigation of the literature reveals that iso- 
amyloxy-2-methyl-2-butanol, m-octyloxy-2-methyl- 
2-butanol, n-amyloxymethyl ethyl ketone, sec- 
butoxymethyl ethyl ketone, and their corresponding 
tertiary alcohols are new compounds. 


EXPERIMENTAL 


Chloromethy! Ethers.—sec-Butyl, n-amyl, and n- 
octyl chloromethyl! ethers were prepared according 
to the procedure described for iso-amyl chloro- 
methyl ether. 

Iso-amyl Chloromethyl Ether.—In a 1-L. three- 
necked flask equipped with a Hershberg stirrer, a 
thermometer, and a gas inlet tube, dry hydrogen 
chloride is passed into a mixture of 440 Gm. (5 
moles) of iso-amyl alcohol and 150 Gm. (5.3 moles) 
of trioxan, for eighteen hours with agitation and at 0 
to 15°. Separate the top oily layer and dry over 
anhydrous calcium chloride for two days to remove 
the water and unreacted alcohol. Distill in vacuo 
in a large bore distillation apparatus to prevent the 
paraformaldehyde (which precipitates out) from 
clogging the apparatus. Save the higher boiling 
fraction, which contains acetal, for further treatment 
with hydrogen chloride. Rectify and collect the 
fraction boiling at 154°. The yield is 518 Gm. 
(76% conversion). 

Alkoxyacetonitriles.—sec-Butoxy, n-amyloxy, and 
n-octyloxyacetonitriles are synthesized in the same 
manner as iso-amyloxyacetonitrile. 


Screntiric Eprrion 


343 


Iso-amyloxyacetonitrile.—Add 180 Gm. (2.0 
moles) of powdered cuprous cyanide slowly to 273 
Gm. (2.0 moles) of iso-amyl chloromethyl ether in a 
1-L. three-necked flask equipped with Hershberg 
stirrer, thermometer, and powder funnel, with agita- 
tion. Do not let the temperature exceed 90°. 
When the reaction subsides, heat the flask to 110- 
120° for two hours, cool to room temperature, and 
decant the clear liquid. Distill under vacuum and 
rectify the distillate. Collect the fraction boiling at 
183-184° (752mm.). The yield is 208 Gm. (81.0%). 

Alkoxymethy! Ethyl Ketones.—n-Octyloxymethyl 
ethyl ketone is prepared in the same manner as that 
described for iso-amyloxymethyl ethyl ketone. 

Iso-amyloxymethyl Ethyl Ketone.—Prepare 1.7 
moles of ethylmagnesium bromide from 40.8 Gm. of 
Mg and 185.5 Gm. of ethyl bromide in the usual 
manner, in a 1-L. three-necked flask equipped with a 
Hershberg stirrer, dropping funnel, and reflux con- 
denser. Agitate the solution vigorously and im- 
merse the flask in a gallon Dewar flask with dry ice 
trichloroethylene mixture at —50°, just before add- 
ing 190.5 Gm. (1.5 moles) of iso-amyloxyacetonitrile. 
Add the acetonitrile rapidly and then remove the 
Dewar flask. Agitate for one hour and allow the 
mixture to stand overnight. Then decant the liquid 
from the excess of magnesium turnings into a 1-L. 
beaker immersed in ice water and carefully hydro- 
lyze with cold distilled water and 50% sulfuric acid. 
Wash the ethereal layer with 5% sodium hydroxide 
and then distilled water until neutral to hydrion 
paper. Dry the product first with anhydrous 
sodium sulfate and finally with Drierite for twenty- 
four hours. Flash the ether off with a water aspi- 
rator and rectify. Collect the fraction boiling at 
196-197° (752 mm.). The yield is 138.0 Gm. 
(54%). 

sec-Butoxymethyl! Ethyl Ketone.—This compound 
is prepared in a similar manner from 1.2 moles of 
ethylmagnesium bromide (28.8 Gm. of Mg and 
130.8 Gm. of ethyl bromide in 300 ml. of anhydrous 
ether) and 113 Gm. (1.0 mole) of sec-butoxyaceto- 
nitrile in 300 ml. of anhydrous ether. The fraction 
boiling at 52-53° (7 mm.) and with an index of re- 
fraction (m*%;*) 1.4152 is collected. The yield is 
67.5 Gm. (46.9%). 

Anal.—Caled. for CsH,O.: C, 66.2; H, 11.2. 
Found: C, 66.4; H, 11.3. 

n-Amyloxymethyl Ethyl Ketone.—This ketone 
is prepared in a like manner from 1.3 moles of ethy]- 
magnesium bromide (31.2 Gm. of Mg and 115.7 
Gm. of ethyl bromide in 300 ml. of anhydrous ether) 
and 149.7 Gm. (1.1 moles) of m-amyloxyacetonitrile 
dissolved in 300 ml. of anhydrous ether. The frac- 
tion boiling at 68-69° (7 mm.) and with an index of 
refraction (n?%;*) 1.4218 is collected. The yield is 
88.8 Gm. (51.7%). 

Anal.—Caled. for C,Hs0.: C, 68.26; H, 11.38. 
Found: C, 68.1; H, 11.22. 

Iso-amyloxy-2-Methyl-2-Butanol.—Prepare 1.0 
mole of methylmagnesium iodide (26.4 Gm. of Mg 
and 142 Gm. of freshly distilled, dry methyl iodide 
dissolved in 300 ml. of anhydrous ether) in the usual 
manner, in a 1-L. three-necked flask equipped with a 
Hershberg stirrer, dropping funnel, and reflux con- 
denser. Then add 173.8 Gm. (1.1 moles) of iso- 
amyloxymethyl ethyl ketone dissolved in 300 ml. of 
anhydrous ether to keep a constant reflux under 


' 
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agitation. When complete, reflux one hour and 
allow the reaction to stand overnight. Then follow 
the same procedure as described for iso-amyloxy- 
methyl ethyl ketone. The fraction boiling at 60° 
(5.5 mm.) and with an index of refraction (n*%° 
1.4195 is collected. The yield is ae. 5 Gm. (62.5%). 

Anal.—Caled. for CyH20,: ~, 68.9; H, 12.64. 
Found: C, 69.2; H, 12.7. 

sec-Butoxy-2-Methyl-2-Butanol.—This compound 
is prepared in a similar manner from 0.46 mole of 
methylmagnesium iodide and 65 Gm. (0.45 mole) of 
sec-butoxymethyl ethyl ketone. The fraction boil- 
ing at 53.5° (10 mm.) and with an index of refraction 
(n*%;*) 1.4200 is collected. The yield is 41.9 Gm. 

58.4%). 

Anal.—Caled. for CysH»O,: C, 
Found: C, 67.68; H, 12.38 

n-Amyloxy-2-Methyl-2-Butanol.—This alcohol is 
prepared in a like manner from 0.5 mole of methyl- 
magnesium iodide and 86.9 Gm. (0.55 mole) of n- 
amyloxymethyl ethyl ketone. The fraction boiling 
at 71-72° (8 mm.) and with an index of refraction 
(m?%,*) 1.4260 is collected. The yield is 65.6 Gm. 

(68.7%). 

Anal.—Caled. for CywH2O: 
Found: C, 68.8; H, 12.85. 

n - Octyloxy - 2 - Methyl - 2 - Butanol.—This com- 
pound is prepared in a manner similar to that 
described for n-amyloxy-2-methyl-2-butanol. The 
fraction boiling at 104° (5 mm.) and with an index of 
refraction (m*%*) 1.4346 is collected. The yield is 
49.8 Gm, (42.1%). 

Anal.—Caled. for CyHa»O-: C, 72.24; H, 
Found: C, 72.0; H, 12.8 


67.4; 12.5. 


12.64 


C, 68.9; H, 


12.98. 


2-Methylbutanal.—A mixture of 0.05 mole of n- 


amyloxy-2-methyl-2-butanol (8.7 Gm.) and 0.05 
mole of anhydrous oxalic acid (5.0 Gm.) is refluxed 
four hours at 105-110° and the contents of the flask 
and rinsings of the condenser are washed into a 250- 
ml. volumetric flask. Dilute to mark with 50% 
ethanol and react a 50-ml. aliquot with 2,4-dinitro- 
phenylhydrazine (3 Gm. in 150 ml. of 95% ethanol; 
0.011 mole) by heating the mixture toa boil, adding 
3 ml. of concentrated hydrochloric acid and again 
bringing to a boil. The mixture is boiled for five 
minutes and then placed in the refrigerator over- 
night. A standard consisting of 2 Gm. of freshly 
distilled, dry iso-butyraldehyde in a similar amount 
of 2,4-dinitrophenylhydrazine solution is run in con- 
junction with the unknown. The yield of unknown 
hydrazone multiplied by the correction factor 1.196 
gives 69.3°) of aldehyde. 

The same procedure is followed for rearrangement 
by 10° acetic acid, oxalic acid dihydrate, and 50% 
hydriodic acid, with the exceptions that an equiv- 
alent amount of acetic is used to an equivalent 
amount of the alkoxytertiary alcohol and only five 
drops, or approximately 0.005 mole, of hydriodic 
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acid is used to 0.046 mole of the alkoxytertiary alco 
hol. The yields are 18.5%, 41%, and a trace, 
ively. 

5-(2-Methylbutyl )hydantoin.—Add 8.6 Gm. (0.1 
mole) of 2-methylbutanal, dropwise, to a cooled, 
stirred solution of 10.5 Gm. (0.1 mole) of sodium 
bisulfite in 50 ml. of water. Then add slowly with 
agitation 6.6 Gm. (0.1 mole) of potassium cyanide, 
dissolved in 50 ml. of water, to the cooled sodium 
bisulfite paste and stir one hour at room tempera- 
ture. Extract with ethyl ether for thirty-six hours 
with a continuous extractor and evaporate the ether 
off. Add the resulting cyanohydrin to 23 Gm. (0.24 
mole) of ammonium carbonate in 50 ml. of water and 
maintain the mixture at 50° for five hours. Then 
heat to 90—-100° for one hour to remove the excess 
ammonium carbonate, filter while hot, and concen- 
trate the solution to a small volume with a water 
aspirator. On cooling, needles crystallize out and 
the solid is purified by recrystallizations from hot 
water. The yield is 129.5 Gm. (83°) 

dl-Isoleucine.—Dissolve 15.6 Gm. (0.1 mole) of 
recrystallized 5-(2-methylbutyl)hydantoin and 47.5 
Gm. (0.15 mole) of barium hydroxide octahydrate in 
100 ml. of boiling water and transfer the solution to a 
Carius tube. Seal and heat the tube to 150-160° 
for one to two hours. Then cool to room tempera- 
ture, filter the contents, and wash the precipitate 
with hot water. Remove the barium with ammo- 
nium carbonate and boil the solution to remove the 
excess ammonium carbonate. Filter hot, evaporate 
the filtrate over a steam cone under vacuum, and 
dissolve the residue in a minimum of hot water with 
an equal volume of ethanol added. Place in a re 
frigerator overnight. The yield is 9.83 to 10.14 Gm. 
(75-85%). 
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A Method for Biologic Standardization of Veratrum 
viride Based on the Survival Time of Daphnia magna* 


By R. O. CRAWt and ALAN E. TRELOART, § 


A method for biologic standardization of Veratrum viride has been devised by meas- 


uring toxicity of the water-soluble princi 
based on survival time of the test animal w 


s on magna. The method is 
n immersed in 10 per cent w/v aqueous 


extracts. Applicability of the assay method to routine control procedures is de- 
scribed. Statistical analysis of data indicates that the method is dependable and 
that results obtained by one technician can be duplicated by another. 


T= PRESENT report is of an interim character, 

offered because of the desirability for publi- 
cation of the present basis of standardization of 
commercial products containing whole powdered 
Veratrum viride. Extensive exploratory studies 
are not detailed herein. 

Methods for standardization of Veratrum viride 
preparations based on chemical analysis have not 
been practical (1-4). Until the constitution of 
the drug with respect to its complex of active 
principles is more fully defined, other methods of 
standardization must be used. 

A number of workers (5-9) have proposed bio- 
logic methods for evaluating the toxicity of 
Veratrum viride extracts using various laboratory 
animals. None of these assay methods, however, 
has been officially adopted (10). 

The value of biologic assay has been greatly in- 
creased in recent years through the contributions 
of statisticians in indicating methods of control 
achievable through better design of experiments 
and appropriate analysis of results. Certain 
procedures have received considerable attention, 
to a point where one might say they have them- 
selves become standards. Other procedures will 
be developed to meet different needs as they are 
recognized. This paper is a contribution in the 
latter direction, growing out of attempts to devise 
a simple procedure for the bioassay of Veratrum 
viride, using large numbers of an easily cultured 
experimental animal. 


EXPERIMENTAL 


Daphnia magna and Bioassay.— Daphnia magna, 
a small fresh-water crustacean, was selected as a 
test animal for this investigation. 

Extensive work by Viehoever and co-workers 
(11-17), has shown that this animal is a valuable 


* Received September 11, 1950, from the Control Depart- 
ment of Irwin, Neisler & Co., Decatur, Ill. : 

t Staff Member, R: Laboratories, Irwin, Neisler & 
Co., Decatur, Ill. 
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§ The authors wish to acknowledge the technical assistance, 
in experimental work, of Martha D. eee. and the as- 
sistance of Dr. H. W. Dorn, Director of Research, in com- 
piling material used in this paper. 


“living reagent” for measurement of drug action. 
Viehoever was also able to demonstrate that the 
principal systems of Daphnia magna resemble, in 
many respects, the principal systems of the verte- 
brate. Furthermore, Baylor (18) concluded that 
the Daphnia magna heart, like that of the vertebrate, 
is inhibited by acetylcholine and by potassium. He 
was also able to demonstrate that there was a direct 
relation between heart rate and drug concentration. 
Obreshkove (19) demonstrated that acetylcholine 
increased peristalsis of the intestine in Daphnia 
magna, which is another indication of the similarity 
of the cholinergic systems of Daphnia magna and 
the vertebrates. 

From the point of view of biological characteris- 
tics, there is much to commend Daphnia magna 
as an experimental animal for assay purposes. To 
this may be added two other factors of considerable 
importance in such work: 

(a) Animals may be propagated readily and 
economically in large numbers under highly stand- 
ardized conditions. 

(b) Transparency of Daphnia magna enables ac- 
tivity of the principal organs and systems to be ob- 
served microscopically without resorting to operative 
techniques. 

The research to be reported in this paper was 
undertaken initially because of the cogency of evi- 
dence and supporting argument given above con- 
cerning the potentialities of Daphnia magna as a 
test animal. It has subsequently been deemed 
worthy of persistent pursuit. 

Culture and Standardization of Daphnia magna.— 
The culture medium is prepared by suspending 5 
Gm. of prepared cow manure (Bovung) and 5 Gm. 
of prepared sheep manure (garden variety) in 10 — 
L. of tap water.'. This is allowed to stand for three _ 
days, during which time all free chlorine and chlor- 
amines are eliminated in the presence of organic 
matter (negative ortho-tolidine test). The medium 
is then ready for use. 

Daphnia magna normally reproduces asexually. 
On the ninth day of life, eggs contained in the egg 
chamber of the adult animal pass into the embryo 
stage, and on the tenth day, young are released. 
Thereafter, young animals are released every three 
days. The colony used in this investigation is 
maintained as follows: propagation is carried out 
by placing gravid females from a stock culture, by 


1 Tap water in this locality has the following approximate 
quate given in sper million: calcium 40-90. chlorides 
6, sulfates 20-70, phosphates less than 1, insolubles 0.5, 
iron and fluorine negligible. 
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means of a pipette, one in each of l-oz. round wide- 
mouthed bottles three-fourths filled with medium. 
All bottles are checked daily for appearance of 
young. Newly released animals are separated from 
the parent animal by means of a pipette. Im- 
mediately thereafter, sets of 100 young are accu- 
mulated in 4-L., round, wide-mouthed jars containing 
1 L. of fresh medium. Identified by date, these 
jars are subsequently given 200 cc. of fresh medium 
daily. Productive females are transferred to fresh 
medium and the nonproductive animals are dis- 
carded. 

Test animals are propagated in a constant tem- 
perature room which is maintained at 72° F. = 
2°. Culture medium is also prepared and kept in 
this room. 


Standard Extract of Veratrum viride.—lIn light of 
the observations of Viehoever, and more recently 
Noonan (20), that toxic principles of Veratrum 
viride were extractable with water, and since aqueous 
media are the normal environment of Daphnia, it 
was felt that use of aqueous Veratrum viride extracts 
would be more adaptable than nonaqueous extracts 
to assay purposes. The aqueous extract has ac- 
cordingly been adopted in this investigation. 

Fresh extracts of the drug are prepared for each 
test during the day preceding that on which the test 
istoberun. The procedure is as follows: an aque- 
ous 10% w/v suspension of the whole-powdered 
drug (random sample) is agitated mechanically for 
approximately four hours and is then allowed to 
macerate at 72° F. + 2° for approximately sixteen 
hours. After filtration, the extract is ready for use. 


Assay Procedure.—One ten-day-old female Daph- 
nia magna, freed from excess culture medium by 
pipetting onto a cloth strainer, is placed in a covered 


Petri dish containing 10 cc. of extract. This is 
repeated at three-minute intervals, selecting animals 
of uniform size, until 10 consecutively numbered 
replicates in separate dishes are prepared. Each 
animal] is examined subsequently at intervals of pre- 
cisely thirty minutes from the time of its immersion 
in extract for test, until observations are terminated. 
Animals that are motionless to the unaided eye are 
placed on a slide by means of a pipette and, with a 
beam of cold light passing through the transparent 
body, the animal heart is studied using a binocular 
wide-field microscope having a magnification of 
112.5. Animals are considered dead when the heart 
is found to be in systolic standstill. 

All assay work is conducted in the special labora- 
tory kept at 72° F. = 2°. Each 10-animal unit of 
assay work completed in a single run constitutes one 
test. Two tests are completed on each testing day, 
one in the morning and one in the afternoon. 
Twenty tests in all, occupying ten testing days, are 
accepted as completion of the assay for each new 
drug lot in present routine procedure. 

Each test is terminated at the end of that thirty- 
minute period (after test start) in which the total 
number of deaths reaches five or more. Median 
length of life for the 10 test animals may then be 
computed, and this is accepted as the representative 
test value. Extensive study of this assay technique 
in our exploration work has shown that median 
length of life is almost as reliable a test value as 
mean length of life, and has the decided advantage of 
requiring approximately 40% less observation time 
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per test that when means are secured. The average 
of the 20 test values is accepted as the assay value 
of each drug lot. 


RESULTS 


Table I presents a typical set of records arising 
from a routine assay at the present time. Calcula- 
tions for the median are given by way of illustration. 
In test 1, four animals were dead at the end of two 
and one-half hours, one more being needed to reach 
the median. In the next half-hour, three animals 
died. Assuming they died at regular intervals 
through that half-hour period, we take one-third 
of the half-hour as the increment to add to two and 
one-half hours, giving 2.67 hours as the median 
length of life. The average of the 20 test values 
for D. L.2 175 (Table I) gives an assay value of 1.87. 


Dependability of Assay Value.—The closeness 
with which assay values may be reproduced in 
repetition of assay is, of course, a crucial matter. 
In Table I, the 20 test values with an average of 1.87 
have a variance of 0.0918 and a “root variance’’* 
of 0.303. The standard error for this assay value is, 
therefore, 0.303 + 7/20 = 0.070. This measure 
of sampling variability of the assay value is 3.7% 
of the assay value of 1.87. We can be reasonably 
sure from this assay that the entire drug lot 175 has 
a true value between 1.72 and 2.02, which limits 
define the 95% confidence interval in this estima- 
tion. 


Technician Effects.—Changes in personnel 
recently commended rerunning an assay with tech- 
nician B so as to allow comparison of her results 
with those secured approximately twelve months 
earlier by technician A. A drug lot designated 155 
was chosen for this purpose. The outcome was 
reassuring, the assay values being 2.52 for techni- 
cian A and 2.42 for technician B. The standard 
errors of assay value are 0.054 and 0.095 respec- 
tively, or 2.1 and 4.0% of the assay values. The 
difference in assay values is well within errors of 
random sampling. It will be noted that the newer 
technician of less experience had good dependability 
even though she encountered variation of test values 
nearly twice that found by technician A in this as- 
say. Any significance which one might attach to 
this difference in variability (the F ratio lies ap- 
proximately at the 2% point) disappears in consid- 
ering the wider experience of technician A. The 
variability values on D. L. 155 happen to be op- 
posite extremes within the records of each techni- 
cian, 0.054 being a low variability for A, and 0.095 
being a high variability within the shorter experience 
of B. 

A major problem in reduction of variation in this 
assay procedure had been that of highly significant 
differentiation of the test values arising from work 
on different days. The results given in Table I 
show little evidence of this, and it is apparent that 
considerable progress in control of it has been made. 


* Drug lot. 

* The term “root variance” is suggested for the “optimum 
estimate of the standard deviation,” as defined by Fisher, 
to avoid confusion with Pearson's definition of the standard 
deviation established much earlier 
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TaBLe I.— Routine Assay ResuLts For Veratrum viride Lot 175 
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It should not be asserted that it has now been 
eliminated as a factor to be considered, and for this 
reason two tests are still included on each of ten 
different days before considering an assay complete. 


DISCUSSION 


The assay value determined as above is but a 
single point on a dosage-response curve. Several 
such points are needed, each one for a different 
strength of extract, before the curve can be reliably 
defined in full for any drug lot. 

It has peen the premise that attainment of reason- 
able homogeneity in test values was a first desidera- 
tum in establishment of this method. Attention to 
date has been concentrated on this aspect of the 
study. Extension of the assay procedure to include 
several dosages is now being undertaken. 

During the intervening period, a simple assump- 
tion has been accepted as a first approximation to 
the dosage-response curve. Preliminary study had 
indicated that an approximately rectilinear rela- 
tionship existed between log concentration and log 
assay value. An assumption that inverse propor- 
tionality existed between strength of extract and 
assay value within the range of observation of the 
latter was in order. Whether these linear relation- 
ships differ sufficiently for different drug lots to 
necessitate modification of the initial assumption 
that they did not, so far as practical consequences 
of the procedure were concerned, remains to be de- 
termined. 

One unit‘ was originally established as 0.2 grain 
of drug lot number 101. This lot had been ex- 
tensively assayed over a long period of time ina 
developmental program and its assay value of 2.18, 
with standard error of 0.103, was fully acceptable 
as a standard. Other drug lots have been ad- 


‘Irwin, Neisler and Co. market the drugs Vertavis and 
Veratrite standardized in terms of this unit, which is referred 
to as a “Craw Unit,” in this connection. 

* The original supply of D. L. 101 set aside for assay re- 
search is now practically exhausted. A new lot has been ex- 
tensively assayed in parallel with 101 to establish a new 
reference standard equivalent to 101. 
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justed to this standard in accord with the assump- 
tion indicated above. Thus, one unit of D, L. 175 
with assay value of 1.87 is given on this theoretical 
basis by 0.2 (1.87)/2.18 = 0.17 grain. All drug lots 
are (and have been) thus standardized. 

It is not proposed to adhere to the simplifying as- 
sumption stated above as a permanent part of the 
method. Assay procedures usually develop through 
refinement of cruder precursors. The method re- 
ported here is in such process of development. 
Unique possibilities in bioassay of Veratrum viride 
using Daphnia magna are intriguing and have 
prompted persistence in this study. 

It will be noted that the original standard of toxic- 
ity, D. L. 101, had a standard error of assay value 
of 0.103, whereas recent assays (see Table I and 
reference to D. L. 155) show lower standard errors. 
This reduction in variability has been achieved 
along with considerable reduction in number of 
animals used per assay, from 1,000 for the D. L. 101 
standard to 200 routinely at present. Caution is 
commendable in assigning causes for observed re- 
sults. Refinements in assay procedure are probably 
not entirely responsible for the increase in homoge- 
neity of results. Continuous selection within the 
progeny of a few Daphnia magna may have con- 
tributed materially to this. Indeed it is not at all 
unreasonable to speculate that the parentage of the 
present colonies was reduced to a single female at 
some point. 


SUMMARY 


1. A method for biologic standardization of 
Veratrum viride has been devised by measuring 
toxicity of the water-soluble principles on 
Daphnia magna, based on survival time of the test 
animal. 

2. A standard of toxicity has been established 
in terms of a reference lot of drug which had a tox- 
icity assay value of 2.18 when assayed by the 
method herein described. 
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3. In routine assay procedures the toxicity as- 
say value for each new drug lot is the average of 
20 median lengths of life, each of the 20 separate 
tests involving 10 animals each. 

4. Statistical analysis of data indicates that 
the biologic assay method is highly dependable ac- 
cording to official standards, and results ob- 
tained by one technician have been duplicated 
within entirely acceptable ranges by another. 
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The Occurrence of a Diphenyl Isatin in 
California Prunes* 


By H. M. BAUM, R. G. SANDERS, and G. J. STRAUB 


A commercial water concentrate of California prunes was extracted with chloroform- 
ethanol solutions which were washed with water to remove dispersed impurities. 
Evaporation of chloroform revealed a mixture of amorphous and crystalline materi- 
als that yielded negative tests for hydroxyanthraquinones and their derivatives, but 


positive reactions for a diphenyl isatin. A 


titative estimation for diphenyl] isa- 


quan 
tins was devised using di(acetylhydroxypheny]l )isatin as a reference standard based 


on photometric determinations of color develo 


ent when diphenyl isatins are 


treated with sodium hydroxide and potassium ferricyanide solutions. 


N° specific chemical study of the laxative 
components in prunes has been made. It 
was at one time supposed that the cathartic ac- 
tion was due entirely to colloidal and emollient 
effects in the intestine (1) until Emerson (2) 
reported the presence of a laxative agent in 
prunes which had ‘‘certain chemical and physio- 
logical properties similar to dihydroxy-phenyl 
isatin and to caffeic and chlorogenic acids.”” His 
conclusions are based on the pharmacological 
activity of various crude fractions on experimen- 
tal laboratory animals 
It was of interest to determine the chemical 
nature of the cathartic activity of prunes and to 
correlate the activity of specific materials with 
the in vivo laxative activity of the prune. This 
report is accordingly concerned with the separa- 
tion, identification, and activity of a diphenyl 
isatin from California prunes. 


* Received April 4, 1951, from the Biological Research 
Division, Harrower Laboratory, St, Louis, Mo. 


EXPERIMENTAL 


Fractionation.—A water concentrate of California 
prunes' containing 69% solids was used in these 
studies. 

Since the active agents ot most of the naturally 
occurring plant laxatives are fat-soluble hydroxy- 
anthraquinones and their analogs, a chloroform 
fractionation was decided upon. The prune con- 
centrate was diluted with an equal volume of water 
and placed in a separatory funnel with four volumes 
of chloroform and a small amount of ethanol, the 
latter being effective in preventing emulsification. 
The chloroform layer was withdrawn and the ex- 
traction process was repeated six times using fresh 
increments of chloroform and ethanol. The chloro- 
form extracts were combined and concentrated to 
about 10% of the original volume. This concen- 
trate was then washed with water until all traces of 
dispersed materials were removed (10 washings with 
equal volumes of water). The material was further 
concentrated to about 2% of its original volume 
and placed in an ice chest. Upon cooling, a mixture 


‘Purchased from California Fruit Concentrates, 


Inc., 
San Jose, Calif. 





July, 1951 


of amorphous and crystalline materials was ob- 
served. The remaining chlorotorm was evaporated 
in vacuo. 

Chemical Investigation.—Classical qualitative 
tests for hydroxyanthraquinone derivatives and 
their analogs were negative (3-5). A qualitative 
test for diphenyl isatins was found to be positive 
(6, 7). This reaction is based on color formation 
when diphenyl isatins are heated with alkali and 
treated with potassium ferricyanide solution. This 
color is detectable in dilutions of 1: 1,000,000. 

Since no reliable quantitative method for diphenyl 
isatins had been reported,? and since a commercial 
material, di(acetylhydroxypheny])isatin was avail- 
able, it was decided to use this material as a refer- 
ence standard and the basis for a quantitative 
method. 

Reagents.—(a) Di(acetylhydroxypheny])isatin 
(Chemo Puro) stock solution 5 mg. /ml. chloroform. 

(6) 0.01 N sodium hydroxide. 

(c) 5% aqueous potassium ferricyanide (freshly 
prepared). 

(d) Alcohol (3A). 

Standard Curve.—Amounts of stock solution 
covering a range of 0.1 to 20 mg. of isatin were 
placed in test tubes and the chloroform was evapo- 
rated from each in a water bath. The residues were 
then taken up in 20 ml. of alcohol and increased to 
50 cc. with distilled water. A blank of 20 ml. of 
alcohol and 30 ml. of water was prepared. Aliquots 
of 2.0 ml. were taken from each tube. To these was 
added 8.0 ml. of sodium hydroxide and 4 drops of 
potassium ferricyanide sclution. The volume of 
each tube was adjusted to 20 ml. with distilled 
water and allowed to stand at room temperature for 
color development. Spectrophotometric readings 
were taken in a Coleman spectrophotometer at 560 
my, setting to 100 with the blank as reference solu- 
tion (see Fig. 1). Because the rate of color de- 
velopment increases with the temperature, readings 
were taken at five-minute intervals to obtain the 
point of maximum intensity (fifteen minutes at 
25°). It is evident from the graph that the color 
reaction conforms to Beer’s law. 

The chloroform fraction of the prune extract 
showed significant quantities of diphenyl isatin, a 
total of 200 y or 1 wg./Gm. of original prurie con- 
centrate. It is probable that the original material 
contained significantly more diphenyl isatin, and 
that the fractionation was not complete. Absorp- 
tion curves run over the visible spectrum of the 
prune extract and synthetic material were identical. 

i Evaluation.—Animal experiments were 
conducted using the technique of Macht (8) to com- 
pare the laxative activity of the prune concentrate, 
the chloroform fraction of the prune concentrate, 
and di(acetylhydroxyphenyl)isatin. Under these 
conditions it was found that 0.5 Gm. of prune con- 
centrate gave significant response, and 5.0 mg. of 
di(acetylhydroxyphenyl)isatin and 2.0 mg. of the 
chloroform extract exhibited definite activity. 


? Since this research has been completed, a paper by S. 
Ljunberg in the Farmacestist Revy., May, 1950, Stockholm, 
Sweden, has been published on the ph ic determina- 
tion of acetphenolisatin. 
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DISCUSSION 


The chemical identification of a diphenyl isatin in 
prune concentrates supports the view that the laxa- 
tive activity of prunes is due to chemical entities 
of the water-insoluble intestinal-stimulant type, 
rather than to colloidal and emollient action. Such 
materials tend to explain the reported thermostabil- 
ity of the “‘evacuant principle" of prunes. 

Further data, not recorded here, indicate that the 
diphenyl isatin in prunes is extremely hard to ex- 
tract; thus these experiments must be regarded as 
qualitative rather than quantitative as far as the 
prune fractions are concerned. It is of interest that 
isatins, including diphenyl! derivatives, have been 
known for some time but have not been heretofore 
chemically identified as occurring naturally. 


SUMMARY 


A diphenyl isatin has been identified in a chlo- 
roform fraction of an extract of California prunes 

A spectrophotometric method for the quantita- 
tive estimation of diphenyl isatin, using synthetic 
di(acetylhydroxyphenyl)isatin as a standard, is 
described. 
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Contributions to the Mode of Action of 
Sympathetic Blocking Agents* 


By THEODORE O. KINGT 


The adrenergic blocking agents, Dibenamine, yohimbine, benzodioxanes, and Pris- 
coline, when given in divided doses, progressively block epinephrine and nor- 
epinephrine pressor effects as the doses of the blocking agents are increased. There 
are quantitative differences between the degrees of efficacy of these blocking 


agents. 
of the above blocking agents. 


The Isuprel depressor effect is enhanced by the administration of several 
Ergotamine prevents the vasomotor reversal of 


epinephrine by usually effective doses of the above adrenergic blocking agents, 
and supra-adrenolytic doses of the blocking agents are necessary to produce 


their typical action in ergotaminized animals. 


Ergotamine potentiates the pressor 


effects of epinephrine and nor-epinephrine and reverses the depressor effects of 
Isuprel and isopropyl nor-sympatol. 


T= DISCOVERY of an increasing number of 

drugs which exhibit the property of adrener- 
gic blockade has led to renewed interest in the 
field of adrenolysis. A comparison of many of 
the pharmacological actions of these compounds 
has recently appeared (1). The experiments 
which are reported in this paper represent an 
attempt to compare both quantitatively and 
qualitatively the development of blockage in- 
duced by five adrenolytic agents under compar- 
able conditions. The pattern of blockade de- 
veloped by gradually increasing doses of these 
drugs was studied with respect to the blood-pres- 
sure responses caused by small doses of epi- 
nephrine, nor-epinephrine, and Isuprel (N-isopro- 
pyl-nor-epinephrine). Since the action of epi- 
nephrine resembles the combined action of the two 
latter drugs, the effects of these three drugs were 
examined to discover if the vasopressor proper- 
ties of small doses of epinephrine and nor-epi- 
nephrine are affected similarly by the adrenolytic 
agents, and if the vasodepressor properties of 
epinephrine and Isuprel are correspondingly mod- 
ified. Quantitative data representing these re- 
lationships were obtained and are presented in 
graphic form. 


METHODS 


Dogs under pentobarbital sodium (35 mg./Kg.) 
anesthesia were cannulated for recording mean arter- 
ial blood pressure in the usual manner. Control 
doses of epinephrine, nor-epinephrine, and Isuprel 
were injected intravenously to produce standard 
responses of from 20 to 40 mm. Hg change in blood 
pressure. These doses were generally 0.2 to 0.5 
wg./Kg. When reproducible control responses 
were established, a small dose of the blocking agent 
was injected intravenously, and, after a suitable 


* Received January 24, 1951, from the Department of 
Pharmacology, Georgetown University, School of Medicine, 
Washington, D. C 

t Present address 


University of Wyoming, College of 
Pharmacy, Laramie 


period which depended on the agent used, the con 
trol doses of epinephrine, nor-epinephrine, and Isu- 
prel were readministered and the effects noted. A 
second dose of the adrenolytic compound, usually 
greater than the first, was given and the same pro- 
cedure followed as before. This experimental se- 
quence was repeated with gradually increasing doses 
of the adrenolytic agent until sufficient amounts had 
been administered to produce reversal of the epi- 
nephrine pressor response. Quantitative data repre- 
senting the relationships observed are presented. 
RESULTS 

Yohimbine Experiments.—Yohimbine hydro- 
chloride, in all doses tested, induced progressive 
inhibition of the epinephrine pressor responses until 
these effects were entirely abolished by doses of 0.5 
to 1.0 mg./Kg. (Fig. 1 (A)). The initial pressor 
response to epinephrine was progressively reduced 
by increasing doses of yohimbine above 0.05 mg. 
The secondary epinephrine depressor response 
is also reduced in magnitude but rarely is 
abolished entirely (Fig. 1 (B)). With the small 
control doses of epinephrine, the fall in blood pres- 
sure produced following full adrenolytic doses of 
yohimbine (2.0 mg./Kg.) is usually smaller than 
the depressor phase of the control response. With 
larger doses of epinephrine (1.0 ug./Kg.) which 
normally produce little or no secondary fall in blood 
pressure, a greater fall is produced after yohimbine. 

Nor-epinephrine responses also progressively 
diminish as the dose of yohimbine is increased. 
Doses of yohimbine hydrochloride as small as 0.05 
mg./Kg. induce 40% inhibition in the nor-epi- 
nephrine pressor response (Fig. 1(C)). The greatest 
degree of inhibition of nor-epinephrine in the doses 
cited was 90% attained when a total dose level of 
12 mg./Kg. yohimbine was reached. Complete 
abolition of nor-epinephrine pressor effects by yohim- 
bine was not observed. 

The depressor response to Isuprel was observed 
to be either increased or decreased following small 
doses of yohimbine (Fig. 1(D)). This varied from 
animal to animal and both phenomena were not 
seen in the same individual. In two of four ani- 
mals, inhibition of the Isuprel depressor response 
followed curves similar to those showing inhibition 
of the depressor phase of epinephrine (compare upper 
two curves in Fig. 1 (8B) with those in 1 (D)) 
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Fig. 1.—Modification of the hemodynamic responses of epinephrine, nor-epinephrine, and Isuprel by 


increasing the dose level of yohimbine hydrochloride. 


sents results obtained in a single animal.] 


{Each curve in this and succeeding figures repre- 


(Abscissa—concentration of yohimbine hydrochloride in mg./ 


Kg.; ordinate—pressor and depressor effects of epinephrine, nor-epinephrine, and Isuprel, expressed as per 


cent of control response.) 


Benzodioxane Experiments.—-The Fourneau com- 
pounds, piperidine methyl benzodioxane (933F) and 
diethylaminomethyl benzodioxane (883F), were 
employed in this series of experiments. Both com- 
pounds produced progressive diminution in the 
epinephrine pressor response and marked reversal 
when doses of 1.0 mg./Kg. were reached (Fig. 2 
(A)). In those animals in which the control dose 
of epinephrine was biphasic, the fall in blood pres- 
sure produced by epinephrine following full adreno- 
lytic doses of 883F and 933F was never of a signifi- 
cantly greater magnitude than the original secondary 
vasodepression. With small sub-adrenolytic doses of 
both compounds there is some inhibition of the 
epinephrine depressor response which disappears as 
the dose levels of the blocking agents are increased 
(Fig. 2 (B)). 

Nor-epinephrine pressor responses were reduced 
both in height and duration by the Fourneau com- 
pounds. Complete abolition of response was never 
observed with the doses used, more than 50% in- 
hibition rarely being obtained (Fig. 2(C)). In one 
animal, 883F in doses up to 6.0 mg./Kg. produced 
no significant reduction in effects of nor-epinephrine, 
although epinephrine effects were reversed and Isu- 
prel responses characteristically affected. 

Isuprel responses are, in general, exaggerated in 
character by the Fourneau blocking agents (Fig. 
2(D)). There is some tendency for the depressor 
responses to become slightly reduced following small 
doses of 933F, but after the administration of doses 
greater than 1.0 mg./Kg. blood-pressure falls as 
great as two and three times that of the controls 
have been observed. The occasional initial rise in 
blood pressure (cardiac effects) caused by Isuprel 
is also exaggerated by these drugs. 

Dibenamine Experiments.— Dibenamine in small 
doses caused inhibition of both pressor and depres- 


sor phases of the control epinephrine response (Fig. 
3 (A, B)). A point was usually reached at a level 
of 1.0 to 2.0 mg./Kg. Dibenamine hydrochloride at 
which there appeared a diminution of the Diben- 
amine inhibition of the epinephrine fall in blood 
pressure. After this point was reached, the epine- 
phrine fall gradually increased with the increasing 
dose level of Dibenamine. The pressor phase of 
the epinephrine response gradually decreased until 
it disappeared or reached a minimal unalterable 
point. The ‘‘vasomotor reversal”’ following effective 
doses (6 mg./Kg. and more) was always of a greater 
magnitude than the depressor phase of the control 
responses, and blood-pressure falls two to three times 
as great as that of the controls were obtained. The 
duration of fall was often prolonged four to five 
times. 

Diminution, but never complete abolition or re- 
versal, of nor-epinephrine (0.2 to 1.0 yug./Kg.) 
pressor responses was observed with most doses of 
Dibenamine. Fifty per cent inhibition of nor- 
epinephrine responses was observed with 2—5 mg 
Kg. Dibenamine hydrochloride. Larger doses ex- 
erted only a slighter degree of block (Fig. 3 (C)) 
In one experiment, up to 100% potentiation of 
nor-epinephrine (0.5 ywg./Kg.) responses was ob- 
served in doses up to 5 mg./Kg. In this same 
animal, corresponding potentiation of the pressor 
phases of the epinephrine and Isuprel responses was 
also observed. 

The Isuprel fall in blood pressure was sensitized 
by all doses of Dibenamine employed, although 
maximum potentiation occurred with sub-adrenoly- 
tic doses, 1-2 mg./Kg. (Fig. 3 (D)). No initial 
inhibition of response was observed and, depending 
on the magnitude of the vasodepression produced by 
the control dose, exaggeration of this response to as 
much as double the original was obtained. 
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Fig. 2.—Modification of the hemodynamic responses of epinephrine, nor-epinephrine, and Isuprel by 
increasing the dose level of piperidinomethylbenzodioxane (933F) and diethylaminomethylbenzodioxane 


(883F). 


(Abscissa—concentration of 933F and 883F in mg./Kg.; ordinate—pressor and depressor effects 


of epinephrine, nor-epinephrine, and Isuprel, expressed as per cent of control response.) 


Priscoline Experiments.—The depressor phase 
of the epinephrine control response was completely 
abolished by Priscoline hydrochloride in doses of 0.5 
mg./Kg. and less (Fig. 4 (B)). The pressor phase 
was usually completely blocked by 2.0 to 3.0 mg./ 
Kg. Priscoline hydrochloride (Fig. 4 (A)). In one 
experiment in which 1.0 mg./Kg. Priscoline pro- 
duced a rise in blood pressure on injection, the hemo- 
dynamic responses of epinephrine, nor-epinephrine, 
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and Isuprel were markedly potentiated. Reversal 
doses not occur until higher dose levels (7-10 mg./ 
Kg.) are reached. The effect obtained with Prisco- 
line is more characteristically an abolition of the 
epinephrine pressor response than intensification of 
the depressor effect. The fall in blood pressure 
produced by epinephrine following adrenolytic 
doses of Priscoline is usually smaller in depth, al- 
though not in duration, than the original depressor 
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Fig. 3.—Modification of the hemodynamic responses of epinephrine, nor-epinephrine, and Isuprel by 


increasing the dose level of Dibenamine hydrochloride 
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Fig. 4.—Modification of the hemodynamic responses of epinephrine, nor-epinephrine, and Isuprel by 


increasing the dose level of Priscoline hydrochloride. 


(Abscissa—concentration of Priscoline hydrochloride 


in mg./Kg.; ordinate—pressor and depressor effects of epinephrine, nor-epinephrine, and Isuprel, expressed 


as per cent of control response.) 


effect of the small control dose used. Larger doses 
of epinephrine, however, will produce greater falls 
in blood pressure. 

Nor-epinephrine effects are inhibited by Priscoline 
in doses as low as 0.2 mg./Kg. (Fig.4(C)). The ex- 
tent and rapidity of development of the inhibition 
of nor-epinephrine varies in the animals studied. 
However, 50% inhibition of the pressor effects usu- 
ally appeared following 1.0 mg./Kg. Priscoline. In 
some animals as much as 100% inhibition was seen 
after 3.0 mg./Kg. Priscoline, while in others this 
degree of inhibition was never observed. In one 
animal in which potentiation of 90% in height was 
observed, increase in the dose level of Priscoline to 
5 mg./Kg. induced typical inhibition of epinephrine 
and nor-epinephrine responses. 

The vasodepression caused by Isuprel is, in most 
instances, inhibited by Priscoline (Fig. 4 (D)). 
This inhibition produced by Priscoline in doses up 
to 1.0 mg./Kg. seems to be a mathematical dose- 
effect relationship. However, when dose levels 
above 1.0 mg./Kg. are reached, both a constant 
maintenance of block and decrease in effectiveness 
of the block have been observed. Larger doses of 
Priscoline never potentiate the vasodepressor ef 
fects of Isuprel. 

Ergotamine Experiments.—Ergotamine tartrate, 
under the conditions of pentobarbital anesthesia em- 
ployed in these experiments, causes potentiation of 
epinephrine pressor effects rather than vasomotor 
reversal (2, 3). In addition, ergotamine (0.025 to 
1.0 mg./Kg.) also causes marked potentiation of 
nor-epinephrine pressor effects and reverses the 

. vasodepressor action of Isuprel into a marked pres 
sor effect (4). 

In our experiments, maximum potentiation of 
the epinephrine pressor response in all experiments 
was usually manifested following the first dose of 
ergotamine. The smallest dose of ergotamine em- 


ployed was 0.025 mg./Kg. Occasionally, some dim- 
inution in response to epinephrine was observed as 
the dosage level of ergotamine was increased. The 
effects of ergotamine administration on the response 
to nor-epinephrine follows a similar pattern. 

The action of ergotamine on the Isuprel and iso- 
propyl nor-sympatol depressor response is the most 
singular in this study. Small doses of ergotamine 
are capable of converting the vasodepressor to 
vasopressor effects that are generally great in mag- 
nicude and duration (Fig. 5). In most experiments 
it was possible to completely abolish any evidence 
of the Isuprel fall in blood pressure by increasing 
the dosage level of ergotamine. In a number of 
experiments it was not possible to completely abolish 
a secondary fall in blood pressure, although a strong 
pressor effect became manifest where none existed 
in the control response established before ergota- 
mine administration. This increase in blood pressure 
is not primarily due to an appreciable increase in 
cardiac acceleration, since the rate of acceleration 
was seldom more than 10% greater than the con- 
trol post-ergotamine heart rate. The sympathomi- 
metic nature of the Isuprel reversal seems to be ac- 
cepted (1). Hazard reported that cocaine can sen- 
sitize the Isuprel reversal (5). In our experience 
this was never observed, although cocaine (10 mg./ 
Kg. intramuscularly) was often administered after 
reversal had been obtained. The effect of cocaine 
was not constant, although generally it seemed te 
reduce the pressor effect or to induce the re-emer- 
gence of the depressor response to Isuprel. At the 
same time, however, cocaine usually caused an 
increase in the potentiated pressor effects of epine 
phrine and nor-epinephrine. 

The action of ergotamine in establishing the 
above effects in the presence of blocking concentra- 
tions of adrenolytic agents have been presented in a 
previous paper (6). In addition, it has also been 
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found that in order to reverse the ergotamine- 
induced modification of Isuprel, epinephrine, and 
nor-epinephrine effects, adrenolytic agents in doses 
far in excess of the normal adrenolytic dose must be 
employed. Otherwise, no effect is noted. For ex- 
ample, in an experiment in which a total of 0.95 
mg./Kg. ergotamine had been administered, pressor 
effects of 40, 44, and 100 mm. Hg were recorded, 
respectively, for standard doses of epinephrine, 
nor-epinephrine, and Isuprel. Increasing doses of 
Dibenamine hydrochloride, until a total concentra- 
tion level of 11.5 mg./Kg. had been given, produced 
no diminution in the pressor responses. In general 
20-40 mg./Kg. of Dibenamine was necessary to in- 
duce usual adrenolytic effects, and to produce 
Isuprel vasodepression (Fig. 5). 

Similarly, doses of other blocking agents far in 
excess of those which normally produce adrenolysis 
were required to counteract the above effects of 
ergotamine. 


Experiments with Cocaine and Ephedrine.— 
To further elucidate differences between the vaso- 
depressor properties of epinephrine and Isuprel, the 
effects of cocaine (10 mg./Kg. intramuscularly) on 
vasomotor reversal and on Isuprel were studied. 
It was found that while cocaine was capable of ac- 
centuating the normal vasodepression caused by 
Isuprel, it had either no effect on vasomotor reversal 
or it had an inhibitory effect. In no case was re- 
versal potentiated by intramuscularly injected co- 
caine. In an experiment in which Dibenamine was 
used to induce reversal, cocaine had no effect and 
in experiments utilizing Priscoline and yohimbine 
as the blocking agents, vasodepression was greatly 
decreased or abolished. In both the latter cases 
complete reversal was restored by injection of addi- 
tional doses of the adrenolytic agent. 

Ephedrine sulfate (4 mg./Kg.) was also found to 
potentiate the normal Isuprel response in addition 
to epinephrine and nor-epinephrine effects. When 
cocaine hydrochloride (10 mg./Kg.) was adminis- 
tered intramuscularly in an animal in which poten- 
tiation of the normal effects of the three amines 
had been produced by ephedrine, the responses to 
epinephrine and nor-epinephrine were potentiated 
still further. When Isuprel was injected, however, 
instead of a correlative synergistic response obtaining, 
there followed a rise in blood pressure from this in- 
hibitory amine. This rise was reproducible for an 
hour, after which the depressor effects began to re- 
turn as part of a diphasic response. During this 
time the potentiated epinephrine response also grad- 
ually diminished in magnitude. After two and 
one-half hours, an additional intramuscular injec- 
tion of cocaine hydrochloride (10 mg./Kg.) failed 
to restore a pure pressor effect, but an additional dose 
of ephedrine (2.0 mg./Kg.) restored the purely pres- 
sor effect of the isopropyl analog. 


DISCUSSION 


In the experiments which have been presented, 
an attempt has been made to study the pattern of 
adrenolysis induced by a number of adrenolytic 
agents. The five adrenolytic agents, yohimbine, 
883F, 933F, Dibenamine, and Priscoline, differ from 
ergotamine in being capable of producing epineph- 
rine reversal regardless of the anesthetic use. 


Screntiric Eprt1on 
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By observing the modifications in response to small 
doses of epinephrine, nor-epinephrine, and Isuprel, 
following gradually increasing doses of the adreno- 
lytic agents, a differential picture of the properties of 
epinephrine and those of pharmacologically simu- 
lated sympathin E and sympathin I has been de- 
veloped. Since natural sympathin E has been 
identified with nor-epinephrine, recently shown to 
be a product of sympathetic nerve stimulation by 
Biilbring and Burn (7) and by West (8), and to be a 
constituent of the natural secretion of the adrenal 
medulla (9, 10), and since the sympathin-I-mimetic 
actions of Isuprel are well established (11, 12), a 
comparison of these effects with the biphasic hemo- 
dynamic E and I effects of epinephrine elicits dif- 
ferences between the two E effects and between the 
two lI effects. At the same time an effective stand- 
ard for comparison of the various adrenolytic drugs 
has been established. 

The experiments demonstrate several differences 
between the pressor effect caused by epinephrine 
and that caused by nor-epinephrine. Whereas 
the epinephrine pressor effect is, in general, com- 
pletely abolished by effective doses of the adreno- 
lytic compounds, the nor-epinephrine response is 
rarely more than 80% inhibited in magnitude and is 
never reversed. The inhibition of nor-epinephrine 
follows that of epinephrine very closely in relation 
to the dose of the adrenolytic agent. But, when 
the point of maximum diminution in response to 
nor-epinephrine (rarely 100%) is obtained, increas- 
ing doses of the adrenolytics will completely abolish 
the pressor epinephrine effect. 

As the observed epinephrine pressor effect is be- 


lieved to represent the resultant of the effects of 
sympathetic excitatory and inhibitory mechanisms, 
it was expected that with progressive block of the 
pressor phase, a corresponding deepening of the 
fall of blood pressure would occur. This, however, 
was never seen with any of the adrenolytic agents 


used. In fact, the opposite took place. With small 
doses of all the agents a decrease in the epinephrine 
depressor response occurred, together with the di- 
minution of the epinephrine pressor effect. With 
constant small doses of epinephrine which normally 
produced a biphasic vasomotor response, the mag- 
nitude of the vasomotor reversal, except in the case 
of Dibenamine, was never greater than the original 
depressor phase of the control epinephrine injection. 
Following Dibenamine, however, progressive sensi- 
tization of the epinephrine fall in blood pressure was 
obtained with increasing doses of the adrenolytic 
agent. This sensitization followed an initial in- 
hibition of the depressor response by small doses 
which was similar to that obtained with Priscol, 
the Fourneau compounds, and with yohimbine. 
The epinephrine fall in blood pressure was increased 
as much as 100% by doses of Dibenamine from 10 
to 20 mg./Kg. Only the Fourneau compounds 
show a somewhat similar effect in producing vaso- 
motor reversal. Following initial inhibition, the 
fall in blood pressure gradually increases but rarely 
does it finally become greater than the depressor 
phase of the control response. 

These experiments show that the sensitivity of 
the vasodilator mechanisms also decreases following 
the administration of adrenolytic agents. As the 
sensitivity of the sympathetic vasodilator elements 
can be demonstrated with very small doses of 
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epinephrine, it would appear that the fall in blood 
pressure following adrenolysis may be different 
from the normal depressor phase of epinephrine ac- 
tion. A similar suggestion has recently been made 
by Freyburger, Capo, and Moe (13), based on some- 
what different evidence. In addition, these experi- 
ments demonstrate that Dibenamine, and possibly 
the Fourneau compounds, owe much of their adreno- 
lytic action to the sensitization of the vasodilator 
mechanisms. This corresponds to the explanation 
of ergotamine action in producing vasomotor re- 
versal given by Herwick, Linegar, and Koppanyi 
3). However, Priscoline and yohimbine do not 
appear to possess this property. It might also be 
postulated that the latter two drugs may injure the 
vasodilator apparatus, rendering them less respon- 
sive to epinephrine stimulation. 

The effects of the adrenolytic compounds on the 
action of the sympathin-I-mimetic compound, 
Isuprel, seem to parallel their effects on the depres- 
sor phase of epinephrine. Both Dibenamine and 
the Fourneau compounds sensitize the fall in blood 
pressure due to Isuprel. It is interesting that small 
doses of Dibenamine which exert very slight or no ef- 
fect on epinephrine responses are sufficient to sensi- 
tize the vasodepressor effects of Isuprel. This 
does not occur with the other agents used. Yohim- 
bine has been observed to inhibit the action of Isu- 
prel in some animals and to potentiate it in others 
Priscoline action is usually inhibitory. A close cor- 
relation is thus observed between the sympathin-I- 
like action of Isuprel and that of epinephrine in rela- 
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tion to adrenolytic compounds. 

The sensitization of the epinephrine and nor 
epinephrine pressor effects by ergotamine under 
pentobarbital anesthesia may be very much like 
that of cocaine. In both cases the pressor effect is 
potentiated both in length and duration. The post- 
ergotamine response is almost always greater than 
that following 5-10 mg./Kg. cocaine. Correlative 
observations have also been made regarding the 
effects of cocaine and ergotamine in potentiating the 
sympathiomimetic pressor actions of acetaldehyde 
and acetaldehyde ammonia (14,15). That the two 
alkaloids do not attack a single common mechanism 
is shown by their opposite effects on Isuprel action. 
Cocaine induces potentiation and ergotamine re- 
versal. However, the ergotamine reversal of Isu- 
prel can be duplicated in the cocainized animal by 
the supplementary administration of ephedrine. 
Ephedrine, as is well known, also potentiates epine- 
phrine pressor effects (16, 17). In addition, ephe- 
drine alone potentiates the normal effects of Isuprel 
as does cocaine. It would appear, therefore, that 
cocaine and ergotamine affect some common mech- 
anism with respect to the sensitization of the pressor 
effects of these compounds. Since ephedrine con- 
verts the potentiation of Isuprel by cocaine to a re- 
versal, it also seems that the ephedrine-cocaine 
combination modifies the same factors as ergotamine 
in producing this effect. It remains to be investi- 
gated whether or not other ergotamine effects can 
be duplicated by combined cocaine-ephedrine ad- 
ministration. 


SUMMARY AND CONCLUSION 


The adrenolytic compounds examined pro- 
gressively block epinephrine and nor-epinephrine 
pressor responses as the doses of the blocking 


agents are increased. 

The vasomotor reversal produced following 
adrenolytic doses of Dibenamine, dimethylamino- 
methylbenzodioxane, and piperidinomethylben- 
zodioxane by constant doses of epinephrine in- 
creases as the dose of the blocking agent is in- 
The magnitude of reversal following 
these three drugs is usually greater than the de- 
pressor component of the control dose of epine- 
The vasomotor reversal following ef- 
fective doses of the adrenolytic agents increases 
with increasing doses of epinephrine. The Isu- 
prel depressor effect is also sensitized by these 
three drugs. Similarity is thus shown between 
the two inhibitory responses. 

The vasomotor reversal produced by small 
doses of epinephrine following Priscoline is usu- 
ally not so deep as that produced by similar doses 
of epinephrine after Dibenamine and the Four- 
neau compounds. The effect of yohimbine is 
intermediate between Priscoline and the latter 
drugs. 


creased 


phrine 


The adrenolytic actions of Dibenamine, the 
Fourneau compounds, and perhaps yohimbine 
are possibly due to sensitization of the vasodila- 
tor sympathetic elements. Priscoline does not 
appear to produce sensitization of the vasodilator 
mechanisms. 

Isuprel vasodepression and the inhibitory vaso- 
motor actions of epinephrine are similar in rela- 
tion to the adrenolytic compounds and differ 
only in their reaction to cocaine. 

Supra-adrenolytic doses of the blocking agents 
are necessary to produce their typical actions in 
the ergotaminized animal. 

Ergotamine potentiates the pressor actions of 
epinephrine and nor-epinephrine, and reverses 
the depressor effects of Isuprel. 

Both ephedrine and cocaine potentiate the de- 
pressor actions of Isuprel. 

Ephedrine and cocaine in the same animal 
reverse the effects of Isuprel, while potentiating 
the pressor effects of epinephrine and nor-epine 
phrine. 

The relationship of epinephrine reversal to the 
theory of epinephrine action is discussed in this 
paper. 
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Determination of Gamma-1,2,3,4,5,6- 
Hexachlorocyclohexane in Lotions and Ointments* 


By JOHN H. FOSSUM and JOHN A. RIDDICK 


A method is presented for the polarographic 
determination of -+-1,2,3,4,5,6-hexachloro- 
cyclohexane in lotions and ointments con- 
taining 0.5 or 1.0 per cent of the active in- 
gredient. The method is rapid and has an 
accuracy of +2 per cent or better. 


T= polarographic reduction of y-1,2,3,4,5,6- 

hexachlorocyclohexane (commonly referred 
to as y-benzene hexachloride) has been reported 
by a number of investigators (2-5). These 
methods cannot be applied directly to the 
analysis of lotions and ointments because com- 
ponents of the base interfere. 

A study of the polarographic reduction of 
y-benzene hexachloride carried out in these 
laboratories has shown that the shape of the 
wave can be altered by changing the base solu- 
tion. One long wave is obtained using gelatin as 
maximum suppressor (2); two distinct waves 
can be obtained with several other maximum 
suppressors. The base constituents of the lotions 
and ointments tested did not interfere with the 
measurement of the first wave, so the height of 
this wave was measured to determine the con- 
centration of y-benzene hexachloride. 

The first wave shows a large maximum which 
is difficult to suppress. The only compounds of 
those tested which would suppress this maxi- 
mum were 0.0004 per cent acid fuchsin, 0.001 


* Received May 31, 1951, from the Research and Develop 
ment Department, Commercial Solvents Corporation, Terre 
Haute, Ind. 


per cent p-sulfo-o-methoxybenzeneazodimethyl- 
l-naphthylamine, and 0.001 per cent basic 
fuchsin. However, the solutions of p-sulfo-o- 
methoxybenzeneazodimethyl - 1 - naphthylamine 
and basic fuchsin were not effective until they 
had been allowed to age for six months to one 
year. The change that these compounds undergo 
during the aging of their solutions is apparently 
neither oxidation nor reduction because electro- 
lytic oxidation or reduction of these solutions 
failed to yield a solution which would suppress 
the maximum of the first wave. Further in- 
vestigation of this phenomenon is contemplated. 
Best results were obtained with a base solution 
containing 0.1 M tetramethylammonium bromide 
and 0.0004 per cent acid fuchsin in methanol. 
The half-wave potentials of the two waves are 
— 1.146 volts and — 1.395 volts measured against 
the mercury pool. The height of the first wave 
is approximately twice that of the second wave. 
The preliminary investigation was carried out 
using a Sargent Model XXI Polarograph; how- 
ever, a Sargent Model III Polarograph is used in 
these laboratories for routine determinations. 


EXPERIMENTAL 


Apparatus and Reagents 

(a) Polarograph, Sargent Model III and acces- 
sores. 

(6) Electrolysis 
$-29307. 


vessel, Sargent Catalog No. 
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(c) y-Benzene hexachloride, purity at least 
99.9% minimum m. p. = 112.79°, as determined 
by the method of Toops and Riddick (6). 

(d) Methanol, A. C. S. reagent grade. 

(e) Tetramethylammonium bromide, 
Kodak Co., highest purity. 

(f) Maximum suppressor, stock solution: dis- 
solve 100 mg. of acid fuchsin in methanol and dilute 
to 100 ml. Dilute 10 ml. of this stock solution to 
100 ml. with methanol for use. 

(g) Mercury, polarographically pure. 

(hk) Nitrogen, oxygen-free. 


Eastman 


PROCEDURE 


Determination of Diffusion Current Constant 

Accurately weigh 30-40 mg. of standard y-benzene 
hexachloride into a tared 25-ml. volumetric flask. 
Dilute to volume with methanol and mix thoroughly. 
Pipette 5.00 ml. of this solution into a clean 25-ml. 
volumetric flask, add 0.3852 Gm. of tetramethyl- 
ammonium bromide, 1.00 ml. of maximum sup- 
pressor, and 10 ml. of methanol. Warm on the 
steam bath until dissolved, dilute the solution to 
slightly less than 25 ml. with methanol, and mix. 
Place the flask in a thermostat at 25.0 + 0.1° for 
at least fifteen minutes, dilute the solution to volume 
with methanol, and mix thoroughly. 

Make two prebubblers from 50-ml. conical-type 
centrifuge tubes. Put about 10-15 ml. of methanol 
in the first prebubbler and about 10 ml. of the solu- 
tion to be analyzed in the second. This will mini- 
mize change in concentration due to evaporation of 
methanol during deaeration. 

Transfer the remainder of the solution to be 
analyzed to the electrolysis vessel thermostated at 
25.0 + 0.1°. Bubble nitrogen through the solution 
for nine minutes. Add mercury to the cell for the 
anode, insert the dropping mercury capillary, and 
allow nitrogen to bubble through the solution for an 
additional three minutes. Stop the flow of nitrogen 
and determine the drop time. Measure the diffu- 
sion current by reading the maximum galvanometer 
deflection at —1.300 volts and at —0.600 volts 
after the galvanometer has attained equilibrium at 
each voltage. 


Calculation 
J = (th — tt) X s X& ke X 0.03075/w 
in which 


constant in 
y-benzene hexa- 


corrected diffusion current 
microamperes per mg. 
chloride. 
= galvanometer reading at — 1.300 volts. 
galvanometer reading at —0.600 volt. 
setting of current multiplier. 
= mg. of standard y-benzene hexachloride in 
original solution. 
1/m*/st'/s 


where 


m = rate of flow of mercury through the capillary 
in mg. per sec. 
drop time in sec. 
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The numerical constant is the galvanometer 
sensitivity of the polarograph multiplied by the 
dilution factor. 


Analysis of Sample 

Accurately weigh approximately 0.5 Gm. of a 
lotion or ointment containing 1.0% +y-benzene 
hexachloride or 1.0 Gm. of a lotion or ointment 
containing 0.5% -benzene hexachloride into a tared 
25-ml. volumetric flask. (Lotions can be conveni- 
ently transferred with a 1-ml. pipette, and oint- 
ments can be conveniently transferred with a piece 
of 6-mm. glass tubing.) Add 0.3852 Gm. of tetra- 
methylammonium bromide, 1.00 ml. of maximum 
suppressor, and 15 ml. of methanol. Warm on the 
steam bath until dissolved, dilute the solution to 
slightly less than 25 ml. with methanol, and mix. 
Place the flask in a thermostat at 25.0 + 0.1° for 
at least fifteen minutes. Dilute the solution to 
volume with methanol and mix thoroughly. De- 
aerate the solution and measure the wave height as 
described under “‘Determination of Diffusion Cur- 
rent Constant.” 


Calculation 
Ty = (th — tt) X 5s X ke X 0615/3 Xw 


in which w = wt. of sample in mg. 

The other symbols have the same significance as 
described above. The numerical constant is the 
sensitivity of the galvanometer on the polarograph 
multiplied by 100. 


RESULTS 


The accuracy of the method was determined by 
preparing Kwell' lotion containing 1.00% standard 
y-benzene hexachloride. The following results are 
typical of those obtained for the analysis of this 
sample: 1.01, 1.02, 0.98, 0.98, 0.99, mean = 1.00%, 
mean deviation = 0.016. The 95% confidence 
interval (1) is 1.00 + 0.020. Similar precision can 
be obtained with production-run ointments and 
otions. 


LIMITATIONS 


None of the lotions and ointments prepared in 
these laboratories gave any interference with 


this method. Before the method is used for any 
similar lotions or ointments, a complete curve of 
the base formula without the active ingredient 
should be plotted to determine whether any of 
the constituents interfere. 
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Assay of Pharmaceutical Tablets Containing Calcium 
by the Schwarzenbach Method* 


By GEORGE B. GRIFFENHAGEN, JOAN L. PFISTERER, and SELMA K. SLOTH 


The Schwarzenbach method has been applied to a series of tablets containing cal- 


cium. The method 


consists essentially of titrating calcium in solution with di- 


sodium ethylenediamine tetraacetic acid (ETA) in the presence of a small amount 


of magnesium, and using eriochrome Black-T as indicator. 


The accuracy of the 


method is practically the same as the official oxalate method with which it has been 
compared. The ETA method, however, effects a considerable saving of time, 
which is its main advantage over the oxalate method. 


Atv of the Schwarzenbach method for 
the determination of calcium and an in- 
vestigation of its applications to pharmaceutical 
products containing calcium has been made by 
Mattocks and Hernandez (1). Initial investi- 
gations have indicated that the method is ap- 
plicable to the following N. F. salts: calcium 
bromide, calcium levulinate, calcium hypophos- 
phite, calcium glycerophosphate, and lime. 
Subsequent work by Hernandez, et al. (2), indi- 
cates that the Schwarzenbach method is also 
applicable to other calcium salts as well as many 
official magnesium and mercury compounds. 

The convenience and accuracy of the ETA 
method has led the authors of this paper to in- 
vestigate its application to pharmaceutical 
tablets containing calcium. A series of sample 
compressed tablets containing calcium in the 
form of calcium gluconate, dibasic calcium phos- 
phate, tribasic calcium phosphate, calcium lac- 
tate, bone calcium, and calcium succinate in com- 
bination with most common minerals and vita- 
mins used in medicine were assayed by both the 
official oxalate method and the ETA method. 


EXPERIMENTAL 


The oxalate method used on all samples was the 
same procedure as directed in the Assay under 
Precipitated Calcium Carbonate, U. S. P. XIV (3) 
The ETA method was similar to that method pro- 
posed by Mattocks and Hernandez (1), with the 
exception that double-strength ETA reagent and 
magnesium chloride solution were used, permitting 
the use of smaller volumes of the standard solutions. 
The procedure in detail is as follows: 

ETA Reagent.—Dissolve about 20 Gm. of di- 
sodium ethylenediamine tetraacetic acid in suffi- 
cient water to make 1 L. 

Magnesium Chloride Solution.—Dissolve 15 
Gm. of reagent magnesium chloride in sufficient 
water to make 1 L. 

Buffer Solution.—Dissolve 67.5 Gm. of am- 
monium chloride and 570 cc. of concentrated am- 
monium hydroxide in enough water to make 1 L. 


* Received December 19, 1950, from the Analytical Lab- 
oratory of Neoco Corporation, Los Angeles, Calif. 


Indicator Solution.—Dissolve 5 Gm. of ManVer 
indicator powder (Hach Chemical Company, Ames, 
Iowa), consisting of 1 part of eriochrome Black-T 
and 9 parts of hydroxylamine hydrochloride, in 
sufficient methanol to make 100 cc. 

Standardization of Magnesium Chloride Solution. 
—Transfer 25 cc. of ETA solution to a 250-cc. flask, 
add four drops indicator solution and 5 cc. buffer 
solution and titrate with magnesium chloride solu- 
tion to a wine red. Calculate the ratio (R) as cc 
Eta/cc. MgCl. 

Standardization of ETA Solution.—Weigh 100 
mg. of reagent calcium carbonate into a 250-cc. 
flask. Dissolve in 25 cc. of water and 10-15 drops 
of dilute hydrochloric acid. Add 25 cc. of ETA 
solution accurately measured, four drops of indi- 
cator solution, and 5 cc. of buffer solution. Titrate 
with magnesium chloride solution to a wine red 
Each cubic centimeter of ETA solution is equal to: 


mg. CaCO, X 0.4 
cc. ETA — (cc. MgCl X R) 





mg. calcium 


Titration of Calcium Salts in Pharmaceutical 
Tablets.—An amount of calcium mixture equiva- 
lent to about 30-40 mg. of calcium is weighed into 
a 250-cc. flask and is dissolved in 10-15 drops of 
dilute hydrochloric acid. Fifty cubic centimeters 
of water, 25 cc. of ETA solution accurately measured, 
six drops of indicator solution, and 5 cc. of buffer 
solution are added in that order, and the solution is 
titrated with magnesium chloride solution to a wine 
red. The number of milligrams of calcium per 
tablet is calculated as follows: 


[ec. ETA — (cc. MgCl, X R)] X Bra Ca factor 
number of tablets taken 
mg. Ca/tablet 





DISCUSSION 


Only in the case of multivitamin tablets using 
magnesium oxide to absorb the A, D, and E oils was 
any special consideration required using the ETA 
method. In the presence of magnesium oxide, the 
calcium content was calculated as follows: 


Ca determined — (wt. MgO/tab. < 
0.6032 X 1.67) = Ca present 


Magnesium stearate when used as a lubricant 
made no significant difference in the results. elimi- 
nating the necessity of any factor. 
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Vitamins and calcium 
Vitamins and calcium 
Multivitamin 
Calcium tablet 
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Mineral tablet 


12 


Agw 


171 
130 
86 


?] 


Calcium tablet 
Calcium tablet 
Vitamins and calcium 
Calcium wafer 
Calcium wafer 
Vitamins and calcium 
Vitamins and calcium 
Multivitamin 
Multivitamin 
Vitamins and calcium 
Mineral tablet 
Vitamins and calcium 
Calcium with iron 
Multivitamin 
Calcium succinate 
Multivitamin 
Calcium tablet 
Mineral tablet 
Mineral tablet 
Calcium tablet 
Vitamins and calcium : 
Mineral tablet 
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A = Dicalcium phosphate B = Tricalcium phosphate. C 


calcium. F = Calcium succinate 


CONCLUSIONS 


Chere is no indication that there is any dif 
ference in the accuracy of the ETA method as 
compared with the official oxalate method on 
pharmaceutical tablets containing various calcium 
salts in combination with most common minerals 
and vitamins used in medicine. The ETA method 
requires approximately fifteen minutes for the as- 
say of a pair of samples, while the official oxalate 
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74 
111 
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163. 
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= Caicium gluconate 


G = Magnesium oxide (factor used to compensate for Mg content) 


method requires three to three and one-half hours. 
Thus the ETA method represents a considerable 
saving of time over the official oxalate method. 
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WHO MAKES IT? 


rhe National Registry of Rare Chemicals, 


Armour 


Research Foundation, 33rd, Federal and 


Dearborn Streets, Chicago, Lll., seeks information on sources of supply for the following chemicals: 


Brassidic acid 
2,2’-Biquinoline 
8-Hydroxycoumarin 
Nethamin hydrochloride 
Fabiatrin 

Scopolin 

Tibatin 

2,3-Angelica lactone 
Desoxyribose 
1,2-Diketohydrindene 


Trilauryl hypophosphate 
Sodium myristyl sulfate 
Methyl erucate 
Magnesium saccharate 
Aluminum methionate 

1 ,4-Diaminopentane 
Anthrylmercapturic acid 
Uramildiacetic acid 
Toxisterol 

Thymidylic acid 
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Paracelsus (Magic into Science). By Henry M. 
PacHTeR. Henry Schuman, Inc. New York, 
1951. x + 360 pp. Illustrated. 14.5 x 218 
cm. Price $4. 

The name “Paracelsus” is known to chemists 
mainly because he was responsible, in part, for 
freeing chemistry from the superstitions of alchemy. 
Because Paracelsus’ approach to chemistry was 
through medicine and pharmacy, his name is also 
well known to those familiar with the medical and 
allied sciences. When the name “Paracelsus” is 
mentioned, it usually recalls to mind that he taught 
that the object of chemistry is not to make gold 
but to prepare medicines, and that he regarded the 
healthy human body as a combination of chemicals, 
the imbalance of which resulted in illnesses that 
could be cured by means of administering the right 
chemical. He was thus the first to challenge the 
principles of Galen and may now, in retrospect, be 
credited with having envisioned the great advances 
in chemotherapy as we know them today. 

Paracelsus is remembered, even by the most 
superficial student of pharmaceutical and chemical 
history, for having been one of the first to employ 
copper, lead, antimony, and other inorganic com- 
pounds as medicines. In this way he stimulated the 
development of the profession of pharmacy by 
adding many drugs to the materia medica of the 
16th century. One historian considers that “‘phar- 
macy owes everything to Paracelsus." He doubt- 
less created an interest in chemistry in the minds 
of physicians and pharmacists of his time, which 
resulted in the development of that science. 

Much has been written about Paracelsus, not 
only by students of the history of science, but also 
by imaginative writers. Dr. Pachter, author of 
the most recent work on Paracelsus, has prepared a 
most worthy addition to the Life of Science Library, 
published by Henry Schuman, Inc. The author 
considers the story of the life of Paracelsus as a 
clue to the riddle of the Renaissance and develops 
his subject from that standpoint in a most interest- 
ing manner. He considers that Paraceisus, quite 
apart from his special significance in science history, 
ranks with the most representative figures of the 
age of the Renaissance and the Reformation. Even 
a cursory reading of the book impresses one with 
the versatility of the mind and interests of Paracelsus 
extending far beyond the confines of chemistry, 
medicine, or pharmacy. 

The book is written in a style that has appeal 
both to the casual reader and to the student of 
history. It is provided with notes in which sources 
of direct quotations are given, and a series of ap- 
pendixes in which additional notes interpreting 
Paracelsus to the reader are offered and other inter- 
pretive material is presented. The book is written 
in a style intended to stimulate and hold the 
interest of the reader, as well as to impart informa- 


tion about a great and contradictory historical 
character and the time during which he lived. The 
first paragraph of the book reads as follows: 


“In the year of our Lord, one thousand five 
hundred and twenty-five—not long after Columbus 
had landed in the West Indies—a square-built man 
of odd appearance rode into the Emperor's good 
town of Ingolstadt on the Danube. His satchel 
was bursting with medicine pots, precious stones, 
astrological charts, and surgical instruments. His 
hat and coat showed the lining of miniver fur doc- 
tors were privileged to wear, but from his belt hung 
an enormous sword, and his leather jacket was 
dusty and sooty. People noticed that the stranger 
wore his sword wherever he went, and the wise- 
acres whispered: ‘It’s bewitched; in the pommel 
he keeps the Elixir of Life.’ "’ 

The above paragraph is quoted to illustrate the 
vivid style used by the author throughout the book, 
whereby Paracelsus is brought into sharp focus and 
made to seem quite real. In Paracelsus one sees 
the counterpart of men now living, and the story 
of the world of his time in its struggles of ideologies, 
fanatical faith, and its intellectual differences, is 
reminiscent of the present. Throughout the 26 
chapters of the book, the life of Paracelsus and the 
history of his time are portrayed in a fascinating 
manner. 


Mechanism and Evaluation of Antiseptics. Annals 
of the New York Academy of Sciences, Vol. 53, 
Art. 1. Roy WaLpo Miner, Editor. Published 
by the Academy, New York, 1950. 219 pp. 
15.6 x 23.5 cm. 

This publication of the New York Academy of 
Sciences constitutes a series of papers presented 
during a conference on the Mechanism and Evalua- 
tion of Antiseptics held by the Section of Biology 
of the New York Academy of Sciences, October 28 
and 29, 1949. Publication of the entire series of 
papers was made possible by grants-in-aid from a 
number of pharmaceutical manufacturers. Thus 
reviews relating to the mechanism and evaluation 
of antiseptics have been brought together in one 
place. In considering the possible mechanism of 
antiseptic action, ‘at least three papers in this 
monograph report that antiseptics seem to cause 
bacteria to lose proteins and electrolytes to the 
surrounding medium, and these suggest a profound 
alteration in the permeability of the membrane 
surrounding the organism. Such effects in either 
direction (increase or decrease of permeability) 
would prevent the organism from maintaining 
equilibrium with its environment and would con- 
stitute a sufficient mechanism of death." 

The scope of the monograph can best be illus- 
trated by reproducing the titles of the papers pre- 
sented during the Symposium and the names of the 
authors of each. 
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The Metabolic Action of Streptomycin. By 
W. W. Umbreit 

The Effect of Penicillin upon Protein Synthesis 
by Bacteria. By Rollin D. Hotchkiss 

The Colloidal Nature of Antibiotics. By Ernst A. 
Hauser 

New Antibiotics: Factors Influencing Their 
Antimicrobial Activity. By Gladys L. Hobby, 
Tulita F. Lenert, and Nancy Dougherty 

The Effect of Surface-Active Agents on Anti- 
biotics: An Informal Report. By Eleanor A. 
Bliss and Patricia T. Warth 

Studies on the Synergism Between Bacitracin 
and Penicillin: Correlation of Jn Vivo and 
In Vitro Results. By Balbina A. Johnson and 
Frank L. Meleney 

An Approach to Correlation between Jn Vivo 
and Jn Vitro Activities of Antitubercular 
Compounds. By Richard Donovick, Geoffrey 
Rake, and E. O. Titus 

Evaluation of the Paper Disc Assay Procedure 
and Its Correlation with Phenol Coefficients. 
By Robert K. Hoffman and Charles R. Phillips 

Mechanism of Action and Neutralizing Agents 
for Surface-Active Materials upon Micro- 
organisms. By C. A. Lawrence 

The Meaning of Bacteriostasis, 
Effect, and Rate of Disinfection. 
B. Price 

The Interaction of Surface-Active Agents and 
Proteins. By Harold N. Glassman 

Conductometric Studies of Bactericidal Mech- 
anisms. By D. N. Eggenberger, L. A. 
Harriman, M. J. McClory, D. Noel, and H. J. 
Harwood 

A New and Direct Approach to the Evaluation 
of the Germidical Efficiency of Semisolid 
Pharmaceuticals. By Milton J. Foter and 
Lester L. Nisonger 

The Role of Antagonisms in the Evaluation of 
Antiseptics. By Emil G. Klarmann 

Antiseptics under the Food, Drug, and Cosmetic 
Act. By Glenn G. Slocum 

Present Trends in Methods of 
septics. By G. F. Reddish 

Halogens and Their Mode of Action. 
C. Marks and Frede B. Strandskov 

lodine as an Antiseptic. By Louis Gershenfeld 
and Bernard Witlin 

Bacterial Resistance. By Orville Wyss 

The Relationship of Concentration and Germi- 
cidal Efficiency of Ethyl Alcohol. By Harry 
E. Morton 

Evaluation of Mercurial Compounds as Anti- 
septics. By Frank B. Engley, Jr. 

Assay of Antiseptics at Different Times after 
Application to Human Skin. By H. M. Powell 
and C. G. Culbertson 

Mercurials as Antiseptics. 


Bactericidal 
By Philip 


Testing Anti- 


By Henry 


By John H. Brewer 


Dr. Herbert L. Davis, of Ethicon Suture Labora- 
tories, New Brunswick, N. J., deserves praise for 
having instigated the program leading to the Con- 
ference. He and the New York Academy of 
Sciences have performed a useful service of general 
interest to bacteriologists, but of especial interest 
to bacteriologists involved in the testing of anti- 
septics in pharmaceutical manufacturing laboratories 
and in those of law enforcement agencies. 
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Textbook of Organic Chemistry. 3rd ed. By E. 
Wertuem. The Blakiston Company, Phila- 
delphia, 1951. xii + 958 pp. Illustrated 
16 x 23.5cm. Price $5. 

This book is a comprehensive and interesting 
presentation of the subject of organic chemistry for 
the college student. Under proper guidance and 
limitation, it can serve as a text for pharmacy 
students and for chemistry-major students. The 
clarity of presentation, combined with a fine index, 
makes it especially useful as a refresher reference 

The questions and bibliography at the end of 
each chapter add to the value of the text. The 
style, arrangement, format, and type of the book 
are excellent. The theoretical concepts of organic 
chemistry and the factual material are developed 
and presented clearly and concisely, and in a manner 
designed to attract the attention of the student and 
stimulate his interest in further reading on the sub- 
ject in the many excellent references cited at the end 
of the chapter. 

The author has drawn freely from tabulated data 
to illustrate the text. Pictures of outstanding 
chemists, with a brief sketch of the men and their 
important contributions, are included. An ap- 
pendix includes a glossary of well-chosen terms, 
a chronological table of the developments in organic 
chemistry, a table of organic radicals, a table of 
physical data of many important organic chemicals, 
and other information. 

The thoroughness of the book is indicated right 
at the beginning by quotations pertaining to science, 
truth, and knowledge, not by one or two, but by 
eleven eminent authorities. The usefulness and 
acceptance of the author’s work is indicated by this 
third edition, which includes references up to 
January 1, 1951. 


Scoville’s The Art of Compounding. 
GLENN L. Jenkins, Don E. FraNcKe, EDWARD 


8th ed. By 


A. Brecut, and GLEN J. SPERANDIO. The Blakis- 

ton Company, Philadelphia, 1951. vii + 515 

pp. Illustrated. 18.5x 26cm. Price $7.50. 

This is a fine book for the student and the prac- 
titioner of pharmacy. The authors have performed 
their work of revision in the splendid manner that 
has marked the work of the earlier revisers of this 
perennial leader in the field of pharmaceutical 
education. 

The pharmacist who is called upon to perform 
some compounding task after a lapse of many years 
will find a brief refresher course presented here as 
concisely as possible. The teacher of pharmacy will 
find this book especially useful because of its selec- 
tions of prescriptions illustrating the different types 
of preparations and the many prescriptions for 
criticism and practice. 

The book has so many good points that its few 
limitations cannot detract from its value. The 
increasing awareness of the need to stress precision 
in the compounding of prescriptions is shared by 
the authors, but they have apparently sacrificed 
stronger appeals to the student, perhaps to keep 
the book from becoming any heavier. Only a 
torsion-type balance is illustrated, and no stress 
is placed upon the importance of testing the pre 
scription balance periodically. Among the pre- 
scription bottles illustrated is a graduated prescrip- 
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tion bottle. Even the manufacturers of prescription 
bottles state that these graduations are not reliable, 
especially those indicating smaller volumes. Some 
states have passed laws banning the use of graduated 
prescription bottles. 

The format and type are excellent for easy read- 
ing. But it would be difficult to follow the advice 
given for shaving theobroma oil by holding the oil 
“in a piece of powdered paper to prevent excessive 
melting. ...” 

The chapters on incompatibilities are exception- 
ally well presented. The nomenclature and vo- 
cabulary review, the discussions of isotonic and 
buffered solutions, the new material on solutions 
for special purposes and allergenic solutions, and 
the list of frequently prescribed proprietary and 
trade name medicinals are effective aids for the 
practicing pharmacist. 


Annotated Bibliography of Vitamin E, 1940-1950. 
Compiled by Purr L. Harris and WILMA 
KvujAwsk!i. The National Vitamin Foundation, 
Inc., 150 Broadway, New York, 1950. 184 pp. 
21.3 x 27.3cm. Price $3. 

The need for this Amnotated Bibliography of 
Vitamin E is appreciated when it is recalled that 
during the ten-year period between 1940 and 1950, 
more than 1,500 scientific papers relating to vita- 
min E were published. In order to aid physicians, 
biologists, chemists, and pharmacists in keeping 
abreast of new developments in vitamin E research, 
this annotated bibliography has been prepared. 

The brief abstracts accompanying most of the 
references emphasize the physiological more than 
the chemical or medical aspects. The principal 
results recorded are summarized in a factual manner, 
and no attempt has been made to evaluate or 
criticize the work recorded. Only references to 
scientific literature appearing between 1940 and 
1950 have been included. A bibliography of litera- 
ture relating to vitamin E published prior to 1940 
has been made available in a publication similar to 
the current one which was prepared several years 
ago by Merck & Co., Inc. The authors of the most 
recent Annotated Bibliography of Vitamin E are 
Philip L. Harris, Head of the Biochemical Research 
Department, and Wilma Kujawski, Librarian, of 
the Distillation Products Industries, of Rochester, 
New York. 

The book is highly recommended to anyone inter- 
ested in obtaining information relating to vitamin 
E. 


The Biochemistry of Inositol. By Epwarp R. WEIp- 
LEIN, Jr. Bibliographic Series Bulletin No. 6 
Mellon Institute, Pittsburgh, Pa., 1951. v + 53 
pp. 15.5x23cm. Price: free. 

During recent years inositol has been classified by 
some authorities as a vitamin belonging in the B 
complex group although no human requirement for 
it has yet been established. A lipotropic action in 
humans under certain conditions has been observed. 
This and other evidence resulting from animal 
studies accumulated mainly during the past ten 
years indicates that inositol may possess important 
nutritional and biological activities. Although the 
term “‘inositol’’ is used in a generic sense to include 
the nine different isomers of hexahydrocyclohexane, 
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the name is applied in a specific sense to the meso-, 
or iso-, form. It is this form that has been known 
for more than 100 years, which is widely distributed 
in nature, and which may find use as a drug for the 
treatment of certain pathological conditions such as 
chronic hepatitis and cirrhosis in man. 

The appearance of this booklet is timely because 
it presents a readily available comprehensive review 
of all the literature relating to inositol. The author 
has summarized existing information in an interest- 
ing style designed to serve as a basis for a critical 
evaluation of the relationships of inositol to other 
recognized factors in nutrition and biology. The 
scope can be visualized best by noting the titles of 
the chapters which are as follows: 


I. Definition, Structure, Isomers and Deriva- 
tives of Inositol 
Il. Biochemical and Chemical Synthesis 
Inositol 
Methods of Determining Inositol 
The Occurrence of Inositol 
V. Inositol as a Microbiological Growth Fac- 
tor 
VI. Inositol as a Factor 
Human Nutrition 
The Lipotropic Action of Inositol 
Relationships between Inositol and Choles- 
terol 
IX. Other Physiological Effects of Inositol 
X. Inhibitory Analogs of Inositol 
XI. Literature Cited 


In the final chapter, 324 literature references are 
cited. The author and his sponsors have made 
available information that should prove of especial 
value to research specialists and others interested in 
existing knowledge concerning inositol. 


in Animal and 


vil. 
VIII. 


Medicinal Chemistry. 


Vol. I. C. M. Suter, Edi- 
John Wiley and Sons, Inc., New 
vii +473 pp. 15.5x23.5cm. Price 


tor-in-Chief. 

York, 1951. 

$12. 

This book provides comprehensive and systematic 
summaries of available data on the biological proper- 
ties of substances in the fields that have been studied. 
Each chapter includes references to the compounds 
that have been tested for a particular type of phar- 
macological activity. The data are presented largely 
in tabular form, according to chemical groups or 
series. Discussions of the relationships between 
chemical structure and pharmacological activity are 
included, wherever possible, in the concise reviews 
presented at the beginning of each division of the 
material. It appears that where less definite data 
are available, the review and discussion tend to 
lengthen. Under ‘Antibiotics from Plants,” 50 
pages of interesting material fortified with 277 refer- 
ences are followed by 8 pages of tabulated results of 
screening data on plants showing antibacterial prop- 
erties. Under “Antithyroid Compounds,” 33 pages 
are devoted to review and discussion, followed by 
tabulated data occupying 117 pages. Each chapter 
of this volume contains brief discussions of methods 
of synthesis and pharmacological test procedures. 

The great value of this volume to those who are 
engaged in or who will enter upon investigative 
studies of synthetic medicinal chemistry rests mainly 
upon the many hours of searching, correlating, and 
tabulating that can be saved. This work has been 
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done by men who are competent in each division of 
medicinal chemistry that has been included in this 
volume. 

The material included in this volume is presented 
under the following headings: 1. Antithyroid 
Compounds; 2. Antispasmodics: Derivatives of 
Carboxylic Acids; 3. Antibiotics from Plants; 4. 
Benzoates and Substituted Benzoates as Local Anes- 
thetics; Amalgesics: A. Aralkylamines; Analge- 
sics: B. Partial Structures Related to Morphine 
An index is included 

This book is not intended to serve as a text book on 
the chemistry of medicinal products, but it is a ref- 
erence work so valuable that the demand for it 
should be limited only by the nu:mber of individuals 
interested in this field of work and study. 


Drug and 
75 pp. 


Tablet Coating. By RONALD CLARKSON. 
Cosmetic Industry, New York, 1951 
Illustrated. 14x 21cm. Price $4 
This little book contains valuable information in 

its limited field. It clearly presents the important 
facts with the minimum use of words. The author 
states that coating consists of a series of basic opera- 
tions, each of which is relatively simple, yet each one 
must be carried out to perfection in order for the fol- 
lowing operation to be successful. The most expedi- 
ent method of learning to coat is by actually working 
under the watchful eye of an experienced coater; 
and the only reason for this book is that there are not 
enough places conveniently located to instruct all 
those desiring this knowledge. 


Little, Inc., 
Mass., 1951 


New Products and Services. Arthur D 
30 Memorial Drive, Cambridge 42, 
llpp. 22x28cm. Price: free. 

ingewandte Pharmazie. 3rd ed. By WALTHER 
KERN. Wissenschaftliche Verlagsgesallschaft 
m.b.H. Stuttgart, Germany, 1951. xii + 454 pp. 
Illustrated. 17x24cm. Price Lw. 38. 

Annals of 
Vol. 53 

Published 
219 pp. 


Mechanism and Evaluation of Antiseptics. 
the New York Academy of Sciences, 
Art. 1. Roy Watpo Miner, Editor 
by the Academy, New York, 1950 
15.6 x 23.5¢cm., 

Marine Products of Commerce. 2nd ed. By 
DoNnaALD K. TRESSLER and JAMEs McW. Lemon. 
Reinhold Publishing Corporation, New York, 
1951. xiii + 782 pp. Illustrated. 16 x 23.8 
em. Price $18. 

Pharmaceutical Botany. 7th ed. By Hesper W 
YOUNGKEN. The Blakiston Company, Phila- 
delphia, 1951. xviii + 752 pp. Illustrated. 
16x23.5cem. Price $7. 

History of Pharmacy. 2nd ed. By Epwarp 
KREMERS and Georce UrpaNnc. J. B. Lippin- 
cott Company, Philadelphia, 1951. xiv + 622 
pp Ulustrated. 15.5x 23.5 cm. Price $7.50. 
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The reasons for coating tablets are given. The 
apparatus required, and the steps and formulations 
required for subcoating, smoothing, coloring and 
finishing, and polishing, as well as white coating and 
enteric coating, are discussed. Procedures for re- 
working spoiled tablets are given, and erudite tips 
to the student of the art are included. 


Fluoridation in the Prevention of Dental Caries. 
Council on Dental Health, American Dental 
Association, Chicago, 1951. 28 pp. 17.2 x 
24.2 cm. 

This booklet has been prepared by the American 
Dental Association to provide general information 
for the guidance of dental, medical, and public 
health officials in recommending fluoridation to city 
officials. 

The fluoridation of public water supplies is gener- 
ally accepted as one of the means whereby the 
prevalence of dental caries may be reduced. It 
possesses the advantage of easy application for 
large numbers of people and is relatively low in cost 
Moreover, the effectiveness of fluoridation is greater 
than other preventive methods such as toothbrush- 
ing, restriction in the consumption of concentrated 
sugar, and topical application of sodium fluoride, 
because it reaches all users of public water supplies. 

The booklet is recommended to those requiring 
general information on the subject of fluoridation, 
but detailed technical information must be obtained 
from other sources such as the State Dental Director 
or the Sanitary Engineer of the Health Department. 
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Medicinal Chemistry. Vol.1. By ALFRED BurGER 
Interscience Publishers, Inc., New York, 1951 
xviii + 577 pp. 16x23.5cm. Price $10. 

Pharmazeutisches Tashcenbuch. 4th ed. By Hans 
KAISER. Wissenschaftliche Verlagsgesellschaft 
m.b.H., Stuttgart, Germany, 1951. viii + 785 
pp.. 13x17cm. Price DM 28. 

Annotated Bibliography of Vitamin E, 1940-1950. 
Compiled by Puiwie L. Harris and WILMA 
Kujawski. The National Vitamin Foundation, 
Inc., 150 Broadway, New York, 1950. 184 pp 
21.3x27.3cm. Price $3. 

The Enzymes—Chemistry and Mechanism of Action 
Vol. 1, Part 2. Edited by James B. SumMNER and 
KaRL Myrpack. Academic Press, Inc., New 
York, 1951. x + 637 pp. 16x 23.5cm. Price 
$12.80. 

Pharmacognosy. By RoBERTSON Pratt and HEBER 
W. YouncKEN, Jr. J. B. Lippincott Company, 
Philadelphia, 1951. xi + 644 pp. Illustrated 
15.5 x 23.5cem. Price $8.50. 

Kurze Einfuhrung in die Galenische Pharmazie. 
2nd ed. By Hans WojaHN. Verlag von Theo- 
dor Steinkopff, Dresden, Germany, 1951. 216 pp. 
Illustrated. 16 x 23.5 cm. 





To you and us: 
“How good” is more important 


than “how many” 


bromides 


AMMONIUM + SODIUM + POTASSIUM 


This company is known for certain pharmaceutical 
chemicals—less than a hundred in all. 


When you order any one of these you can be sure it’s 
“good.” We've concentrated on fewer fine chemicals and 
we make them to predetermined standards of purity and 
uniformity—standards beyond those generally expected. 


Let's consider Baker's Bromides. Experience and skill 
have made possible Bromides in the proper range of 
particle size to permit direct compression into tablet 
form without additional grinding operations. 


on fewer fine chemicals. 


At the same time the small particle size and extreme 
freedom from cloudiness provide quick, clear solubility 
in liquid preparations. 


With today’s need for watching costs while keeping 
quality high, you need fine chemicals that do several 
jobs well. 


When you buy fine chemicals, consider the “extras” 
that Baker’s concentration on fewer fine chemicals 
makes possible. Specify Baker’s! Address: Fine Chemical 
Division, J. T. Baker Chemical Co., Phillipsburg, N. J. 


Kak Baker Chemicals 
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Sensitive and expensive pharmaccuticals 
and antibiotics can easily be damaged in 
preparation, storage or shipment by im- 
proper containers. You can protect your- 
self against such losses by standardiz- 
ing on PYREX Bottles. 

The chemical stability of PYREX 
Bottles assures maximum protection 
against pH change. In addition, the 
glass from which these PYREX brand 
glass No. 7740 bottles are made, has a 
very low coefficient of expansion. This 


CORNING GLASS WORKS, 





property makes possible repeated heat 
sterilization with a minimum of break- 
age, and at the same time permits heavy 
wall construction to give high mechani- 
cal strength, thus assuring long eco- 
nomical service life. 

PYREX Bottles 
standard sizes ranging trom 60 ml to 12 


are available in 
gallons. For further information on 
standard or special bottles, write to 
Corning Glass Works. We are glad to 
be of service. 


CORNING, N. Y. 


Corning means research ix Glest 


1851 « 100 Years of Making Glass Better and More Useful « 1951 





